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SECTION 1 
INTRODUCTION 


The Texas Instruments Microcomputer System Handbook describes the total 
capability of the ТМ 990 product line. Taking the time to study this 
handbook will help insure that the optimum solution to a design is realized. 


The CPU modules with on-board memory and I/O are highlighted in section 2. 
These modules contain the Texas Instruments powerful 16-bit microprocessor 
featuring software compatibility ranging from the chip level up to and 
including the 990 minicomputer. 


Memory modules are featured next and may be selected from a full line 
populated with dynamic RAM, EPROM and/or static RAM. A detailed description 


of these modules is given in section 3 to assist in selecting the right module 
or combination of modules. 


Input/output modules described in section 4 answer your interface problems. 
Everything from optically isolated 1/0 for the AC/DC industrial environments; 
A/D and D/A modules; and TM 990/5MT modules for use on machine tools, process 
control systems, material handling equipment, and other industrial 
applications where operating conditions, both electrical and physical, may be 
severe. 


Compatibility between TM 990 modules is ensured by requiring board designs to 
adhere to criteria specified in the TM 990 System Specification. The 
primary constraint on module compatability is the maximum BUSCLK frequency for 
which that module was designed. A module designed for a maximum BUSCLK of 3 
MHz will not function with a CPU which generates a 6 MHz BUSCLK (but a module 
designed for 6 MHz BUSCLK will work with a 3 MHz CPU). There are some other 
constraints on a few specific products: for example, the TM 990/180 has an 8 
bit data bus and will not work with a 16 bit memory. Table 1-1 summarizes the 
compatibility of the major TM 990 products. Тһе table lists the maximum 
BUSCLK which each CPU generates, and a summary of the compatibility of each 
module with each CPU. 


In addition to a full line of hardware modules, Texas Instruments offers an 
extensive line of software products (see section 6). Solid state software 
includes line-by-line assemblers, monitors (for software debugging), and the 
easy to use English-like higher-level language, Power BASIC. Software 
products on magnetic media to facilitate software development are also 
offered, including Fortran, Power BASIC, and the higher level language that is 
quickly becoming an industry standard - Pascal. These products are for use on 
the FS (Floppy-based) and/or DS (Hard Disc) Development Systems from Texas 
Instruments. 


The Development Systems, covered in section 7, are available in a number of 
cost effective products ranging from low cost board level to multi-user 
mini-computers with in-circuit emulation and higher level-languages. The ТМ 
990/302 Module brings the cost of a development system within the range of 
virtually every designer and yet offers such powerful features as: symbolic 
assembler, PROM Programmer, nonvolatile storage through audio cassetes. 


Тһе AMPL (Advanced Microprocessor Prototyping Lab) allows powerful in-circuit 


emulation, while monitoring address and data buses simultaneously. Simple to 
use because of self-prompting procedures, it allows symbolic debug of hardware 
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and software concurrently and utilized the Texas Instruments line of 
higher-level languages. 


Some of the benefits of using the TM 990 line of off-the-shelf hardware and 
software products are: 


® To shorten the development time (and therefore beat the competition to 
the market place). 


® To simplify the design task and in house design resources. 


9 То save money because in-house test equipment engineers can reuse the 
hardware to test a new product when an old product becomes obsolete. 


Thus, test marketing and engineering runs of a new product can economically be 
introduced to the market place with a minimum amount of investment. 


The TM 990 Module line will continue to take advantage of the latest 
semiconductor technology from Texas Instruments. Leadership products from 
Texas Instruments such as the first 4K by 8 EPROM, the first 64K dynamic RAM, 


bubble memories, 121, Technology, Fiber Optics, etc. are all candidates for 
exciting additions to the TM 990 lines. 


Texas Instruments welcomes you to the family of TM 990 users and we hope that 
you will find the Systems Manual very helpful. 


TABLE 1-1. CPU COMPATIBILITY 


180M 
(2.5 MHz) 


MAX BUSCLK 
FREQUENCY 
(МН?) 


PRODUCT 


M 990/201-41 


990/201-42 
990/201-43 
990/201-44 
990/203A- 13 
990/203-21 
990/203-21А 
990/203-22 
990/203-23 
990/204 
990/206 
990/210 
990/210A 
990/301 
990/302 
990/303A 
990/305 
990/306 
990/307 
990/308 
990/310 
990/311 
990/314 
990/401 


1. 1/0 only; memory will not function 3. Audio Cassette Cable for 302 
2. 402-2 version must be ordered 4. 509 cable for 305 
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TABLE 1-1. 


MAX BUSULK 
FREQUENCY 
(Mhz) 


PRODUCT 


TM 990/402 
TM 990/103 
TM 990/450 
TM 990/451D 
TM 990/452D 
TM 990/501 
TM 990/502 
ТМ 990/503A 
TM 990/504A 
TM 990/505 
TM 990/506 
ТМ 990/507 


TM 990/5083 


ТМ 990/5094 


TM 990/510 
ТМ 990/510A 
TM 990/520 
TM 990/520A 
ТМ 990/522 
TM 990/530 
TM 990/1240R 
TM 990/124 1k 
ТМ 990/ 1241S 


ТМ 990/ 1243 


1. 1/0 only; memory will not function 
2. 402-2 version must be ordered 
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CPU COMPATIBILITY 


180M 
(2.5 MHz) 


1481 
(5 MHz) 


3. Audio Cassette Cable for 302 
4. 509 cable for 305 


SECTION 2 


CPU MODULES 


2.1 GENERAL 


A typical CPU module consists of the following: CPU, clock, RAM and ROM 
memory, serial and parallel Т/О interfaces, and buffers for off-board 
expansion. These modules come preassembled, pretested, and ready to use. 
Simply plug the CPU module into a TM 990/510, 520, or 530 card cage, connect a 
suitable terminal, connect a power supply to the barrier strip on the back 
plane and the system is ready to use. Some of the general features of the CPU 
modules are as follows: 

e Powerful 9900 Family instruction set with 16-bit data word 

e TMS 9901 Programmable Systems Interface (Parallel I/O Interface) 

e TMS 9902 Asynchronous Communications Controller (Serial 1/0 Interface) 

ө TIBUG Operating Monitor 

© Interface to ТМ 990 System Bus 
As the specific features vary from module to module, it is advisable to check 
the data sheets located in this section for the features of a given CPU 
module. 
2.2 TIBUG OPERATING MONITOR 
The CPU modules typically come equipped with the TM 990/401 TIBUG monitor. 
TIBUG includes 13 user commands plus six user accessible utilities and 
operates with 110, 300, 1200, 2400 and 9600 baud terminals. 
TIBUG functions include the following: 


e Inspeet/change CPU, memory location, program counter, workspace 
pointer, status register, workspace elements 


ө Execute user programs under breakpoint in single/multiple steps 
ө Dump/load memory to, from paper tape or cassettes 
ө Find word/byte 
ө Hexadecimal arithmetic 
User accessible utilities include the following: 
@ Read/Write character 
e Hexadecimal numeric input/output 


ө ASCII message output 


2.3 PROTOTYPING AREA 


The TM 990/180 and TM 990/100MA CPU modules provide a protoyping area that can 
be used for custom applications which require special interface circuitry. 
This area can also be used for adding additional devices such as TMS 9901's or 
TMS 9902's. Pads containing voltages and signals that may be needed are 
located on the periphery of the prototyping area. 


2.4 SUMMARY OF KEY PARAMETERS 


Table 2-1 provides a listing of the features of the CPU modules. This table 
provides information regarding the microprocessor, memory, power requirements 
and І/0 interfaces that аге used on the CPU modules. 


2.5 CPU Module Data Sheets 


Data sheets are provided in the following sections to familiarize the customer 
with characteristics of Texas Instruments CPU modules. 
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2.5.1 ТМ 990/100MA MICROCOMPUTER 


0155 

5699 
060606 
922443 


10006000900 
19522 


4501420 


И 


АГ? | 


The TM 990/100MA is an assembled, tested microcomputer module utilizing the 
powerful, NMOS 16-bit, TMS 9900 microprocessor as its CPU. With RAM and 
ROM/EPROM included on board as well as programmable serial and parallel 1/0, 
the TM 990/100MA is a powerful single-board microcomputer. Since all address, 
data, and control lines are brought to the board connectors, the board can be 
expanded to use the entire capabilities of the TMS 9900 in larger systems. 
FEATURES 

ө TMS 9900 16-bit CPU 

© 2K bytes of 2114 static RAM, expandable to 4K bytes 

ө 2K bytes of 2708 EPROM, expandable to 8K bytes using 2716 EPROM 

© TMS 9901 programmable system interface 

e TMS 9902 asynchronous communications controller 

e EIA or TTY terminal or Differential Line Multidrop interface options 

ө Prototyping area for custom applications 

ө Fully expandable bus structure 


ө Designed to fit the TM 990/510, 520 and 530 card cages 


е TIBUG operating monitor 
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OPERATION 


The TM 990/100MA microcomputer is a software compatible member of the TMS 
9900/990 family. The TMS 9900 із used аз а CPU to provide 16 bits of 
processing power with a minicomputer instruction set which includes multiply 
and divide. The TM 990/100MA module is designed for 3 MHz operation, 
utilizing the full 16 levels of prioritized interrupts and the advanced 
memory-to-memory architecture of the TMS 9900. Additionally, the bus 
structures are set up to take advantage of the full 64K byte memory addressing 
capability of the 9900 and the nonmultiplexed memory, І/0 and interrupt buses. 


MEMORY 


The on-board memory includes both an EPROM/ROM section and a static RAM 
section. Four sockets are available for TMS 2708, TMS 2716 EPROM or TMS 
4700 ROM operation. Using the available jumper option, all four sockets can 
be populated with TMS 2716's, providing a maximum on-board EPROM capability of 
8K bytes. The static RAM area contains sockets for 4K bytes of memory. The 
cycle time of this memory section is 0.667 microseconds. The address map is 
shown in Figure 2-1 for the board as shipped. DMA Control lines are also 
accessible on the bus. 


2708 
2708 


gd OFF-BOARD 
EXPANSION 
MEMORY 


2000 


OFF-BOARD 
EXPANSION 
MEMORY 


F000 
F800 


FFFE 


FIGURE 2-1. MEMORY ADDRESS MAP 


INTERRUPTS AND TIMERS 


Fifteen maskable interrupts plus the reset and load trap vectors are 
implemented. Table 2-2 shows the implementation. The TMS 9901 handles all 15 
external interrrupts which can be generated from either the bus connector or 
the 1/0 bus. The TMS 9901 enables each level to be individually maskable 
under program control. Additionally, level 3 can be programmed to use the 
interval timer in the TMS 9901. Level 4 сап be generated from the TMS 9902 as 


an interval timer or for three other serial interface conditions (see the TMS 
9902 Data Manual). Two programmable timers, therefore, are available оп 
board. 


1/0 


The serial 1/0 and the parallel 1/0 are handled over the dedicated 1/0 bus of 
the TMS 9900, the communications register unit (CRU). Table 2-3 lists the 
address assignments within the dedicated 4K CRU address space. The TMS 9902 
acts аз the controller for this asynchronous serial interface. The character 
length, baud rate (75 to 38,400), parity and stop bits are programmable. Three 
optional types of interface are supported: 


ө EIA 
e 20 mA neutral current loop TTY 
ө Private wire differential line driver/receiver. 


The TM 990/100MA board is delivered complete with a 25-pin RS-232 type female 
connector, and is jumper selectable to support EIA, TTY, and differential line 
driver operation. Also, the TMS 9903 synchronous communications controller 
can be utilized since the TMS 9902/9903 are socket compatible. 


TABLE 2-2. INTERRUPTS 


INTERRUPT 
LEVEL FUNCTION 


Reset or PRES 
External Device 
External Device 
Clock or External 
Serial Int. or Ext. 
5-15 External Devices 
Restart 


FWN- O 


TABLE 2-3. CRU ADDRESS MAP 


SOFTWARE CRU BIT NUMBER FUNCTION 
BASE ADDRESS 


008016 4016 5Е16 On-Board Serial I/O Port (TMS 9902) 

010016 8016 9F46 On-Board 16 I/O Parallel Interface, 
Interrupt Status Register, Interrupt 
Mask Register, and Interval Timer 

(TMS 9901) 


Reserved for On-Board Expansion 


ОҒҒ-Воага CRU 
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The parallel 1/0 is handled by the TMS 9901; 22 parallel lines are all 
interfaced to the top edge connector which has 10 pins on 0.100 inch centers. 
These 22 lines allow configuring 16 1/0 lines or 15 interrupt lines with eight 
lines sharing 1/0 or interrupt dedication according to how they аге program- 
med. All I/O lines are equipped with pullup resistors. 


TIBUG 


The TIBUG monitor TM 990/401-3 is normally supplied preprogrammed in the 
populated TMS 2708 EPROM's. Its operation is described in the user's manual 
or the TM 990 series literature. 


PROTOTYPING AREA 


The prototyping area is large enough to accommodate one 40-pin DIP (0.6 inch 
centers) plus four 16 pin DIP's (0.3 inch centers). 


OPTIONS 


The TM 990/100MA-1 board is equipped with two TMS 2708's preprogrammed with 
the TIBUG monitor, and the serial 1/0 is jumper selectable аз an EIA port, ТТУ 
interface, ог а private wire differential line driver. Other software or 
accessories, such as the Line-By-Line Assembler and the microterminal, may be 
ordered under separate part numbers. 


SPECIFICATIONS 

CPU: TMS 9900 
Instruction Set -- 69 instructions 
8, 16, or 32 bit operation 
3 MHz System Clock 


Interrupts: 16 levels -- 15 may be external 


Interval Timers: Two (in TMS 9901 and TMS 9902) 


Resolution Maximum Interval 
TMS 9901 21.3 microseconds 349 milliseconds 
TMS 9902 64 microseconds 16.32 milliseconds 


Memory: 16-bit word configuration 
On-board EPROM/ROM, 2K bytes, expandable to 8K bytes 
On-board RAM, 2K bytes, expandable to 4K bytes 
Off-board expansion to full 64K bytes 


I/0: Parallel -- 16 bits expandable to !096 bits 
Serial -- Asynchronous Controller TMS 9902, 
5 to 8 bit character, 
Programmable data rate, stop bits, parity 
Break enaracter generation, 
Framing, parity, and overrun errors detected 
75 to 38400 baud, software programmable 
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Interfaces: 


Data and Address -- Three-state TTL compatible buffered output 
Control -- TIL compatible 


Parallel I/O and Interrupts -- ТТІ. compatible 
Serial 1/0 -- RS-232, 20 mA current loop or differential line driver 


Expansion Prototyping Area: 
May contain one 40-pin DIP plus up to four 16-ріп DIPs. 


Software: TIBUG monitor self contained in EPROM 
Mating Connectors: 


Bus 100 pin, 0.125 in. сс TI H431111-50 (wire wrap) 
TI H431121-50 (solder tail) 


Parallel І/0 40 pin, 0.100 in. сс ТІ H421121-20 (solder tail) 
3M 3464-0001 (no ears) 
Viking 3VH20/1JN5 (pierced tail) 


Serial 1/0 25 pin (male) Cinch DB-25P 
AMP DB-25P 
ITT Cannon DB-25P 


Power Requirements (typical): 


100MA- 1 100MA-2 
45V + 3% 8 1.2 А 1.8 А 
«12V + 3% 8 0.2 A 0.1 А 
-12V + 3% € 0.14 0.14 


Operating Temperature Range: 
0 deg С to 70 deg С 


Physical Characteristics: 
Width: 11 inches (279.4 mm) 
Height: 7% inches (190.5 mm) 
Board Thickness: 0.062 inch (1.574 mm) 


I/O and Interrupt Terminations: 


Ordering Information: 


TM 990/100MA- 1 TMS 9900 microcomputer board with TIBUG monitor in two 
TMS 2708 EPROM's and EIA or ТТУ serial Т/О jumper 
option. Comes with 2K bytes of RAM 


TM 990/100MA-2 TMS 9900 microcomputer board with EIA or differential 
line driver jumper option and 4K bytes of RAM. 


2.5.2 TM 990/101МА MICROCOMPUTER 


The TM 990/101MA is an assembled, tested microcomputer module utilizing the 
powerful, NMOS 16-bit, TMS 9900 microprocessor as its CPU. With RAM and 
ROM/EPROM included on board as well as programmable serial and parallel 1/0, 
the ТМ 990/101МА із a powerful single-board microcomputer. Since all address, 
data, and control lines are brought to the board connectors, the board can be 
expanded to use the entire capabilities of the TMS 9900 in larger systems. 
Figure 2-2 is a system block diagram of the TM 990/101MA. 
FEATURES 

ө TMS 9900 16- bit CPU 

ө 2K bytes of 2114 Static RAM, expandable to 4K bytes 

ө 2K bytes of ROM, expandable to 8K bytes of ROM or EPROM 

ө TMS 9901 programmable system interface with up to 16 programmable 1/0 line 

ө Two TMS 9902 asynchronous communications controllers 

ө EIA or TTY terminal interface option 

e Differential line driver/receiver multidrop interface option 

ө Supports communication with 103 and 202 series modems using optional cable 


e Fully expandable bus structure & DMA to on-board memory 


ө Designed to fit the TM 990/510, 520 and 530 card cages 
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ө 3 MHz operation 

ө 3 Programmable interval timers 

ө 17 interrupts: 2 non-maskable and 15 prioritized and maskable 

ө Edge triggered interrupt, with software reset 

ө CRU addressable L.E.D. and DIP switch for custom applications 
OPERATION 


The ТМ 990/101MA microcomputer is a software compatible member of the TMS 
9900/990 family. The TMS 9900 is used as a CPU to provide 16 bits of 
processing power with a minicomputer instruction set which includes multiply 
and divide. The TM 990/101MA module is designed for 3 MHz operation, 
utilizing the full 16 levels of prioritized interrupts and the advanced 
memory-to-memory architecture of the TMS 9900. Additionally, the bus 
structures are set up to take advantage of the full 64K byte memory addressing 
capability of the 9900 and the nonmultiplexed memory, 1/0 and interrupt 
busses. A total of eight addressing modes, including indirect and indexed 
addressing, provide powerful software capabilities while the TMS 9900's 
two-address architecture makes a memory-to-memory add possible without having 
to load register pairs with addresses or using dedicated accumulators. 


As 232С RS232C 
MODEM TTY MULTYOROP 
MICROTERMINAL 


FIGURE 2-2. ТМ 990/101MA BLOCK DIAGRAM 
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MEMORY 


The on-board memory ineludes both an EPROM/ROM section and a static RAM 
section: Four sockets are available for TMS 2708, TMS 2716 EPROM or TS 4700 
ROM operation. Using the available jumper option, all four sockets can be 
populated with TMS 2716's, providing a maximum on-board EPROM capability of 8K 
bytes. The static RAM area contains sockets for 4K bytes of memory. Four 2114 
are populated and four additional sockets are included. The cycle time of this 
memory section is 0.667 microseconds. The address map is shown in Figure 2-3 
for the board as shipped; an alternate memory map is jumper selectable 
(detailed in Table 2-4). DMA control lines are also accessible on the bus. 


A PROM controls memory address decoding. The RAM is decoded as one bank but 
the two EPROM pairs are decoded as separate banks, allowing custom placement 
of EPROM. A custom decoding scheme can be implemented by obtaining a blank 
SN74S287 PROM, and programming it with the new memory address map. 

ө EPROM at low addresses, RAM at high 

ө Main EPROM is TMS 2708 

e Main EPROM is TMS 2716 

ә Expansion EPROM is TMS 2708 

e Expansion EPROM is TMS 2716 


TABLE 2-4. MEMORY MAP 


CONFIGURATION MEMORY MAP ALTERNATE MEMORY MAP 


RAM, bank 2 F000 16-РТРЕ16 000016-07РЕ16 
RAM, bank 1 F80046-FFFE46 080016-0FFE16 
EPROM, all TMS 2708* 000016-0ЕРЕ16 F00046-FFFE46 
EPROM, all TMS 2716* 000016-1ЕҒЕ16 E0004 -FFFE16 


*TM 990/101MA memory is fully socketed for easy expansion. 


INTERRUPTS AND TIMERS 0000 


Fifteen maskable interrupts plus the 
reset and load trap vectors are 


implemented. Table 2-5 shows the 1000 OFF-BOARD 
implementation. The TMS 9901 handles З 

: EXPANSION 
all 15 external interrupts which can be MEMORY 
generated from either the bus connector 2000 а 
of the 1/0 bus. The TMS 9901 enables OFF-BOARD 
each level to be individually maskable EXPANSION 
under program control. Additionally, MEMORY 
level 3 can be programmed to use the FOOO 
interval timer in the TMS 9901. 
Interrupts at level 4 at the main TMS F800 
9902 or level 5 at the auxiliary TMS 
9902 can be generated by an interval 
timer or by three other serial FFFE 
interface conditions (see the TMS 9902 FIGURE 2-3. MEMORY ADDRESS MAP 


0800 


Data Manual). Three programmable timers, therefore, are available on board. 
Interrupt 6 may be triggered on either a positive or negative transition, or 
level triggered (active low). All other interrupts are active low. 


TABLE 2-5.  INTERRUPTS 


DESCRIPTION 


INTERRUPT LEVEL 


PRES 0 0000 16-000216 Unmaskable, active low 
RESTART LOAD FFFC46-FFFE46 Unmaskable, active low. May 
be activated by software (LREX) 
INT1-INT5 1-5 000416-001616 Maskable, dedicated, active low. 
INT6 6 001816-001416 Maskable, dedicated (+) or (-) 
edge detect or active low. 
INT7-INT15 7-15 001C16-003E16 Maskable, active low. May be 
programmed as interrupt, input, 


or output. 


1/0 


The serial I/O and the parallel I/O are handled over the dedicated I/O bus of 
the TMS 9900, the communications register unit (CRU). Table 2-6 lists the 
address assignments within the dedicated 4K CRU address space. The CRU 
consists of 4096 output bits and 4096 input bits. Each bit is separately 
addressable. Five instructions enable the programmer to perform both single 
and multibit. CRU operations. 


The two TMS 9902's act as the controllers for the two asynchronous serial 
interfaces. The character length, baud rate (75 to 38,400), parity and stop 
bits are programmable. Port A is compatible with the serial I/O port on the 
TM 990/100MA microcomputer; port A supports EIA compatible terminals as well 
as 20 mA neutral current loop teletypes. Port A also supports TI's TM 990/301 
microterminal. A version of the TM 990/101MA supports a differential line 
driver-receiver communications interface in place of the TTY interface; this 
multidrop interface supports 9600 baud serial communications at distances of 
up to 10,000 ft. on shielded twisted pairs. Serial Port B supports 
communications with EIA compatible terminals as well as 103- and 202- series 
modems, using an optional modem cable. Between the two serial ports, then, a 
total of four interface types are supported: 


© EIA (port А or port В) 

€ 20 mA neutral current loop TTY (port A only) 

o Private wire differential line driver/receiver (port А only) 

© Series 103 or 202 modems (port В only) 
The TM 990/101MA board is delivered complete with two 25-pin RS-232 type 
female connectors, and is jumper selectable to support EIA or TTY operation. 
The differential line driver (multidrop) is normally unpopulated (see 
Options). Also, the TMS 9903 synchronous communications controller can be 
utilized on port B since the TMS 9902/9903 are socket compatible. 
The parallel Т/О is handled by the TMS 9901; 16 parallel lines are all 


interfaced to the top edge connector which has 40 pins on 0.100 inch centers. 
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Additionally, nine parallel lines are interfaced to the bus connectors. The 
programmable features of the TMS 9901 permit configuring these lines as 1/0 
lines or interrupts (refer to the TMS 9901 Data Manual). All 1/0 lines are 
equipped with pullup resistors. 


TIBUG 


The TIBUG monitor TM 990/401-3 is normally supplied preprogrammed in the 
populated TMS 2708 EPROM's (see Options). Its operation is described in the 
user's manual or the TM 990 series literature. 


OPTIONS 


There are four models of the TM 990/101MA. Model characteristics are listed in 
Table 2-7. Other software or accessories, such as the Line-By-Line Assembler, 
microterminal, memory boards, etc., may be ordered under separate part 
numbers. 


TABLE 2-6. CRU ADDRESS MAP 


LED 
ID Switch (DIP) 
Main Serial I/0 Port (TMS 9902) 


On-Board 16 Т/О Parallel Interface, 
Interrupt Status Register, Interrupt 
Mask Register, and Interval Timer 
(TMS 9901) 


INT6 Reset 
Auxiliary Serial I/0 Port (TMS 9902) 


Reserved for On-Card 
Expansion 


Off-Board CRU 


TABLE 2-7. ТМ 990/101MA CONFIGURATIONS 


TM 990/101MA EPROM* RAM* 
DASH NO POPULATED PROGRAM 


PORT A 
OPTION 


-1 2 2708 (1K x 16) TIBUG monitor 4 2114 (1K x 16) ТТУ/ЕТА 
-2 2 2716 (2K x 16) Blank 4 2114 (1K x 16) EIA/Multidrop 
à 2716 (АК x 16) Blank 8 2114 (2K x 16) ТТУ/ЕТА 


Ц 2716 (4K x 16) POWER BASIC 4 2114 (1K x 16) ТТУ/ЕТА 


*TM 990/101MA memory is fully socketed for easy expansion 
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SPECIFICATIONS 


CPU: TMS 9900 
Instruction Set -- 69 instructions 
8, 16, or 32 bit operation 
3 MHz System Clock, Crystal Stabilized 


Interrupts: *17 levels -- 15 may be external 


Interval Timers: Three (one in the TMS 9901 and two in the two TMS 9902's). 
Can be programmed to cause interrupts at countdown (interrupts 3, 4, and 5). 


Resolution Maximum Interval 
TMS 9901 21.3 microseconds 349 milliseconds 
TMS 9902 64 microseconds 16.32 milliseconds 


Memory: 16-bit word configuration. On-board configurations are shown in 
Table 2-8; off-board expansion to 64K bytes. Cycle time is 667 nsec (no 
wait), 1000 nsec (one wait state, EPROM only). TM 990/101MA microcomputers 
are supplied with memory requiring no wait states. 


1/0: Parallel -- 16 bits expandable to 4096 
-Serial -- Two Asynchronous Controllers, TMS 9902's 
5 to 8 bit character, 
Programmable data rate, stop bits, parity 
Break character generation, 
Framing, parity, and overrun errors detected 
75 to 38400 baud, software programmable 


Software: TIBUG monitor self contained in EPROM 


TABLE 2-8. MATING CONNECTORS 


INTERFACE NO OF PINS | CENTERS MATING CONNECTOR 
(INCH) 
100 


0.125 TI H431111-50 (wire wrap) 
TI H431121-50 (solder tail) 


Chassis 


Parallel I/0 40 ТІ Н421121-20 (solder tail) 
3M 3464-0001 (no ears) 
Viking 3VH20/1JN5 (pierced tail) 


Serial I/0 Cinch DB-25P 
АМР DB-25P 
ITT Cannon DB-25P 


TABLE 2-9. POWER REQUIREMENTS (Typical) 


Усе +5V 


Vdd +12V 
Vaa -12V 


Operating Temperature Range: 
0 deg С to 70 deg С 


Physical Characteristics: 


Width: 11 inches (279.4 mm) 
Height: 7k inches (190.5 mm) 
Board Thickness: 0.062 inch (1.574 mm) 
Shipping Weight: 3 pounds (1.360 Kg) 


Interfaces: 


Chassis: All TIL compatible 


Parallel I/0: All TTL compatible (TMS 9901 driven) 


High level input voltage 

Low level input voltage 
Absolute maximum input voltage 
Input current 

High level output voltage 

Low level output voltage 


2V Min 

0.8V Max 

-0.3V to 10V 

-1 mA 8 0.3V 

2.4V Min @ -100 uA 
0.Дү Min Ө 3.2 mA 


Serial I/0: Port A - RS-232-C/20 mA current loop or RS-232-C/Multidrop 
Port B - RS-232-C terminal, or modem with optional cable 


Interrupts: All TTL compatible 
High level input voltage 
Low level input voltage 
Absolute maximum input voltage 
Input current 


2V Min 

0.8V Max 
-0.3V to 10V 
-1 mA 8 0.3V 


Bus Drivers: All bus drivers sink 2! mA at 0.8 V maximum 


I/O and Interrupt Terminators: 


+5V 
10K 2 
ON BOARD 


Terminators on READY.B and HOLD.B inputs: 


220 22 
+5V 


330 2 


ON BOARD 


2.5.3 ТМ 990/180M MICROCOMPUTER 


The TM 990/180M is an assembled, tested microcomputer module utilizing the 
NMOS 16-bit TMS 9980 microprocessor as its CPU. The TMS 9980 utilizes an 
eight bit data bus which may be the most cost effective solution for smaller 
byte-dedicated operations. With RAM and ROM/EPROM included on board as well 
as programmable serial and parallel 1/0, the ТМ 990/180M is a powerful 
Single-board microcomputer. Since all address, data, and control lines are 
brought to the board connectors, the board can be expanded to use the entire 
capabilities of the 9980. 
FEATURES 

© TMS 9980 16-bit CPU 

ө 512 bytes of 4042-2 (2111-1) Statio RAM, expandable to 1K bytes 

© 2K bytes of 2708 EPROM, expandable to 4K bytes 

e TMS 9901 programmable system interface 

e TMS 9902 asynchronous communications controller 

ө EIA or TTY terminal interface option 

© Prototyping area for customer applications 


© Designed to fit the TM 990/510, 520 and 530 саға cages 


ө TIBUG operating monitor 


OPERATION 


The TM 990/180M microcomputer module is a software compatible member of the 
ТМ5 9900/990 family. The 9980 is used as a CPU to provide 16 bits of 
processing power with a minicomputer instruction set which includes multiply 
and divide. The ТМ 990/180M module is designed for 2.5 MHz operation, 
utilizing the full six levels of prioritized interrupts and the advanced 
memory-to-memory architecture of the TMS 9980. 


MEMORY 

0000 
The on-board memory includes both an EA 8 
EPROM/ROM section and a static RAM Ый, тай 
section. Four sockets are available 2K x8 TMS 2708 
for TMS 2708 EPROM or IMS 4700 ROM AN 
operation. The assembled price AREA 
includes two TMS 2708's or 2K bytes. 1000 
The static RAM area consists of four OFF-BOARD 
256 byte banks of memory. Four TMS EXPANSION 


4042-2 (2111-1) are populated, and four MENOR 


more sockets are provided which may be Beno 


512x8 TMS 4042-2 


populated with the TM 990/526 RAM kit. ON-BOARD 

The cycle time of this memory section EXPANSION 

is 1.33 microseconds. The memory 3E00 

address map is shown in Figure 2-4. DMA 512x8 TMS 4042-2 
Control lines are also accessible on the POPULATED 

bus. 

INTERRUPTS AND TIMERS FIGURE 2-4. MEMORY ADDRESS MAP 


Four maskable interrupts plus the reset and load trap vectors are implemented. 
Table 2-10 shows the implementation. The TMS 9901 handles all four external 
interrupts which can be generated from either the bus conector or the I/O bus. 
The TMS 9901 enables each level to be individually maskable under program 
control. Additionally, level 3 can be programmed to use the interval timer in 
the TMS 9901. Level 4 can be generated as an interrupt from the TMS 9902. One 
of the functions that will cause this interrupt is the interval timer. Two 
programmable timers, therefore, are available on board. 


FUNCTION 


TABLE 2-10. TMS 9980 INTERRUPTS 
LEVEL TRAP VECTOR 
FROM TMS 9901 LOCATION 

Reset pushbutton or PRES from the chassis 
backplane connector 

2 3FFCig Software (LREX) or RESTART from the 

chassis backplane connector 

3 000446 Timer (TMS 9901) or external device 

4 000816 Serial interface (TMS 9902) or external device 

5 000016 External device 

6 External device 
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INPUT/OUTPUT 


The serial 1/0 and the parallel I/O are handled over the dedicated I/O bus of 
the TMS 9980 or the communications register unit (CRU). Table 2-11 lists the 
address assignments within the dedicated 2048 bit CRU address space. The TMS 
9902 acts as the controller for this asynchronous serial interface. The 
character length, baud rate (75 to 38,400) parity and stop bits are 
programmable. Two optional types of interface are supported: 


ө EIA 


ө 20 mA neutral current loop TTY 


TABLE 2-11. CRU ADDRESS MAP 


SOFTWARE BASE ADDRESS FUNCTION 


ЗЕ 16 Reserved for on-board CRU expansion 
1016 5F16 On-board serial I/O (TMS 9902) 
6046 TF 16 Reserved for on-board CRU expansion 
8016 9Е 16 On-board parallel I/O interface 


interrupt status register, interrupt 
mask register, interval timer (TMS 9901) 


A046 FF16 Reserved for on-board CRU expansion 
Off-board CRU 


The TM 990/180M board is delivered complete with a 25-pin RS-232 type female 
connector, and is jumper selectable to support EIA or TTY operation. Also, 


the TMS 9903 synchronous communications controller can be utilized, since the 
TMS 9902/9903 are socket compatible. 


The parallel I/O is handled by the TMS 9901; 22 parallel lines are all 
interfaced to the top edge connector which has 40 pins on 0.100 inch centers. 
These 22 lines allow configuring 16 I/O lines or 15 interrupt lines with eight 
lines sharing I/O or interrupt dedication according to how they are program- 
med. All I/O lines are equipped with pullup resistors. 


TIBUG 

The TIBUG monitor is supplied preprogrammed in TMS 2708 EPROM's or mask ROM. 
Its operation is described in the TIBUG user's manual or the TM 990 series 
literature. 


PROTOTYPING AREA 


The prototyping area is large enough to accommodate one 40-pin DIP (0.6 inch 
centers) plus four 16-pin DIP's (0.3 inch centers). 
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SPECIFICATIONS 
CPU: IMS 9980 
Instruction Set--69 instructions 
8, 16, or 32 bit operation 
2.5 MHz System Clock 
Interrupts: 6 levels--4 may be external 


Interval Timers: Two 


Resolution Maximum Interval 
TMS 9901 25.6 microseconds 414 milliseconds 
TMS 9902 76.8 microseconds 19.7 milliseconds 


Memory: 8-bit byte configuration, on board EPROM/ROM, on board RAM, 256 by 
expandable to 1K bytes, off board expansion to full 16K bytes. 


TMS 9901 
PSI 


1/0 BUS TERMINAL 
CONNECTOR CONNECTOR CONNECTOR 


* OR DIFFERENTIAL LINE 
DRIVER INTERFACE 


FIGURE 2-5. TM 990/180M BLOCK DIAGRAM 


1/0: Parallel -- 16 bits expandable to 2048 
Serial -- Asynchronous Controller TMS 9902 
5 to 8 bit character, 
Programmable data rate, stop bits, parity, 
Break character generation, 
Framing, parity, and overrun errors detected, 
75 to 38400 baud, software programmable. 
Interfaces: 
Data and Address -- Three-state TTL compatible, buffered output 
Control -- TTL compatible 
Parallel I/O and Interrupts -- TTL compatible 
Serial I/O -- RS-232, 20 mA current loop TTY 
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Expansion Prototyping Area: 


May contain one 40-pin DIP plus up to four 16-pin DIP's 
Software:  TIBUG monitor self contained in EPROM (ТМ 990/401-2) 


Mating Connectors: 
Bus 100 pin, 0.125 іп. сс ТІ H431111-50 (wire wrap) 
TI H431121-50 (solder tail) 


Parallel 1/0 40 pin, 0.100 in. ec ТІ H421121-20 (solder tail) 
3M 3464-0001 (no ears) 
Viking 3VH20/1JN5 (pierced tail) 


Serial 1/0 25 pin, male Cinch DB-25P 
AMP DB-25P 


ITT Cannon DB-25P 


Power Requirements (typical): 


3% @ 
3% € 
3% @ 


+5V 
+12V 
-12V 


1.2 А 
0.24 
0.1 A 


. 
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Operating Temperature Range: 
O deg C to 70 deg C 
Physical Characteristics: 
Width: 11 inches (279.4 mm) 
Height: 74 inches (190.5 mm) 
Board Thickness: 0.062 inch (1.574 mm) 
I/O and Interrupt Terminations: 
+5V алка 
Interrupt Inputs 
and Parallel I/O lines 


Ordering Information: 


TM 990/ 180M-1 TMS 9980A CPU board with TIBUG monitor and EIA or 
TTY serial I/O jumper option 
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2.5.4 ТМ 990/U89 UNIVERSITY BOARD 


The TM 990/U89 is a self-contained, single-board microcomputer system. 


a 
F reos mermuwenrs [7.7 
TATE. 


intended for use as a learning aid in the instruction of microcomputer 
fundamentals, machine and assembly language programming, and microcomputer 
interfacing. It also demonstrates TMS 9900 family applications and advantages. 
Figure 2-6 is a system block diagram of the TM 990/089. 


FEATURES 


TMS 9980A (MP9529) 16-bit CPU 

1K bytes of TMS 4014 (2114) Static RAM, expandable to 2K bytes 

4K bytes of TMS 4732 ROM, expandable to 6K bytes EPROM/ROM 

UNIBUG operating monitor and resident symbolic assembler 

Memory and 1/0 buses user expandable 

Audio cassette interface 

TMS 9901 programmable system interface 

TMS 9902 synchronous communications controller (user option) 
45-key alphanumeric keyboard 

Ten-digit, seven-segment L.E.D. type, pseudo alphanumeric display 
Visual and acoustic indicators 

Microprocessor tutorial textbook (microcomputers and assembly language 


programming) 
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It is 


CLOCK VOLTAGE 


OSCILLATOR 


REGULATORS 


PROCESSOR 


MEMORY 


BUS LOAD 


EXPANSION 


INTERRUPT 


INTERFACE GENERATOR 


USER 
1/0 & 
INTERRUPT 


SERIAL 
COMMUNICATIONS, 
INTERFACE 


AUDIO 


SYSTEM 
I/O PORT 


KEYBOARD DISPLAY 


FIGURE 2-6. TM 990/U89 BLOCK DIAGRAM 


SOUND 
DISC 


CASSETTE 
INTERFACE 
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OPERATION 


The TM 990/089 University Board is software compatible with the TMS 9900/990 
family. A TMS 9980 is used as the CPU to provide 16 bits of processing power 
to an'8-bit data bus. Am instruction set with the capabilities of full 
minicomputers and identical to that of the TMS 9900 is featured. The TM 
990/089 is designed for 2 MHz operation, utilizing the full six levels of 
prioritized interrupts and the advanced memory-to-memory architecture of the 
TMS 9980. The unique memory-to-memory architecture features multiple register 
files, resident in memory, which allow faster response to interrupts and 
increased programming flexibility. 


MEMORY 


The on-board memory includes both an EPROM/ROM section and a static RAM 
section. Two sockets are avilable for TMS 2708, TMS 2716, TMS 2532 EPROM or 
TMS 4732 ROM operation. By performing a simple board modification, the 
on-board EPROM may be expanded to 6144 bytes via 1 TMS 2532 and 1 TMS 2716. 
The static RAM area is populated with 1K bytes of socketed static RAM and 
contains sockets for an additional 1K bytes of RAM---which is available as the 
TM 990/U89K2 RAM EXPANSION KIT. Memory is configured as shown in the address 
map in Figure 2-7. DMA control lines are also accessible on the bus. 


The address space is divided into four 4K byte sections each of which is 
further subdivided into 1K byte blocks. Off-board memory expansion capability 
is provided through the bus expansion interface. As indicated in Figure 2-7, 


off-board memory expansion is from 100016 to 2FFF 16 Which allows a full 16K 
byte memory space. 


16 


Four maskable prioritized interrupts 
plus the reset and load trap vectors 014516 
are handled by the TMS 9901. The TMS 
9901 enables each level to be 
individually maskable under program 
control. Additionally two programmable 
timers are on board. Interrupt 1 and 
interrupt 4 can be programmed to use 
the interval timer in the TMS 9901. 
Interrupt 3 can be generated as a 
jumper selectable interrupt from the 
interval timer in the optional TMS 
9902. Table 2-12 shows the interrupt 
decoding and trap locations. 


(X) 


O3FF4g 


07FF16 


OFFF 16 


2FFF ig 


3FFF16 


FIGURE 2-7. SYSTEM MEMORY MAP 
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TABLE 2-12. INTERRUPT DECODING 


INTERRUPT CODE FUNCTION  |VECTOR 
INTO - INT 2 ADDRESS 


RESET 


0012 RESET 000016 
0105 LOAD 3FFC 46 
0112 Interrupt 1 000416 
1005 Interrupt 2 000816 


1012 Interrupt 3 000C16 
Interrupt 4 


INPUT/OUTPUT 


The serial 1/0 and the parallel 1/0 are handled over the dedicated 1/0 bus of 
the TMS 9980 or the Communications Register Unit (CRU). Table 2-13 lists the 
address assignments within the dedicated 2048 bit CRU address space. The user 
supplied TMS 9902 (available іп the ТМ 990/U89K1 1/0 Expansion Kit) acts as 
the controller for this asynchronous serial interface. Character length, baud 
rate (75 to 38,400) parity and stop bits are programmable. Two jumper 
selectable types of interface are supported: EIA and 20 mA neutral current 
loop ТТУ. 


TABLE 2-13. CRU ADDRESS MAP 


SOFTWARE 
BASE ADDRESS FUNCTION 


00016 to 03846 User I/O - P5 (TMS 9901 at 010) 


04046 to 3FE16 Not Defined 
10016 to 43E16 System I/O (TMS 9901 at 011) 


41016 to ТЕЕ16 Not Defined 

80016 to 83Е46 Communication I/O - РЗ (TMS 9902) 
81016 to BFE, Not Defined 

C0046 to С3Е|6 External I/O - РА 

C4016 to FFE46 External I/O Expansion 


Parallel 1/0 handled by the TMS 9901 features 16 parallel lines brought out 
directly to P5. Additionally, the four low order lines are connected to LED 
drivers for CR1 through CR! which illuminate in response to a logic one input. 


UNIBUG 


The UNIBUG monitor is supplied preprogrammed in TMS 4732 ROM. Fifteen 
commands and seven subroutines are provided by UNIBUG. Memory inspect/change 
and CRU inspect/change allow the user to effectively look at memory and CRU 
addresses. Load and dump commands allow the user to recall and store programs 
from audio cassette, or paper tape/digital cassette via user supplied data 
terminal. An execute command is provided to execute an entire program or 
execute to a breakpoint address where the program is halted. There is a 
status register inspect/change command along with individual program counter, 
workspace register and workspace pointer inspect/change commands. The New 
Line Request command causes a carriage return, line feed and new line request 
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if a terminal is used. When the keyboard is used, а "?" prompt is displayed. 
Seven utility subroutines allow the user to read and write ASCII or 
hexadecimal characters to and from a terminal.  UNIBUG displays "ERR" on the 
board when an invalid command is entered or when an invalid termination 
character is detected. 


The most powerful feature of the UNIBUG monitor is the symbolic assembler. By 
interpreting assembly language source statements into object code, the TM 
990/089 symbolic assembler processes all 69 instructions of the IMS 9980. Іп 
addition, the pseudo instruction NOP assembles as "JMP $«2". Six assembler 
directives are also featured: AORG, BSS, DATA, END, EQU, TEXT. Comments as 
well as two character labels can be used with this assembler. 


USER OPTIONS 


Users wishing to expand the capability of TM 990/089 are encouraged to make 
use of the following options: 


TM 990/U89K1 - 1/0 Expansion Kit - Provides the necessary components to 
add the following features: 


1. Asynehronous communication port, 20 mA current loop or EIA 
interface 


2. Cassete deck motor control 
3. Off-board CRU expansion 
TM 990/U89K2 - RAM Expansion Kit - Expands on-board RAM to 2048 bytes 


TM 990/469 - University BASIC - is a member of the POWER BASIC family of 
software products. Designed as a training tool for students and engineers 
wishing to become familiar with the POWER BASIC language and TM 990 
modules, University BASIC offers the user an excellent opportunity to learn 
through "hands-on" experience. The University BASIC EPROM kit supports a 
Subset of POWER BASIC commands as well as SAVE, LOAD commands for use with 
audio cassette program storage. 


Among the commands and statements unique to University BASIC are TONE, 
COLOR, PATTERN, and PLOT. These statements coupled with an off-board video 
display processor (using the TMS 9918 device) can make a very powerful yet 
relatively inexpensive product with color video capability. 


TM 990/469 includes two EPROM devices preprogrammed with University BASIC 
for installation in a TM 990/U89 University Module, and user guide with 
video monitor application report. 

SPECIFICATIONS 

CPU: TMS 9980 - MP 9529 
Instruction Set--69 instructions 


8, 16, or 32 bit operation 
2 MHz System Clock 


Interrupts: 6 levels--4 maskable, 2 non-maskable 


Interval Timers: TMS 9901, TMS 9902 (user installed option) 
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Memory: 8-bit byte configuration, on-board EPROM/ROM, on-board RAM, 1K bytes 
expandable to 2K bytes; total addressable memory with off-board expansion 
is 16K bytes 


1/0: Parallel -- 16 bits expandable to 2048 bits 
Serial -- Asynchronous Controller TMS 9902 
5 to 8 bit character, 
Programmable data rates, stop bits, parity, 
Break character generation, 
Framing, parity, and overrun errors detected, 
75 to 38400 baud, software programmable 


Note: UNIBUG only supports 110 & 300 baud. 


Interfaces: 


Data and Address -- Three-state TTL compatible buffered output 
Control -- TTL compatible, buffered output 


Parallel 1/0 and Interrupts -- TTL compatible (TMS 9901 driven) 
Serial I/O -- EIA RS-232, 20 mA current loop ТТУ 
Software: UNIBUG monitor self contained in ROM (TMS 4732) 


Power Requirements (typical): 


+5V + 5$ 8 0.6 A 
+12V + 5$ € 0.14 
-12V + 5$ 8 0.006 A 


Operating Temperature Range: 
10 deg C to 50 deg C 


Physical Characteristics: 


Width: 11 inches (279.4-mm) 
Height: 7% inches (190.5 mm) 
Board Thickness: 0.062 inch (1.574 mm) 
Board Height: 1 inch (25.4 mm) 


Ordering Information: 


TM 990/U89 University Board containing TMS 9980 (MP9529) CPU, UNIBUG 
monitor in TMS 4732 ROM. Includes Microprocessor Tutorial 


Textbook 


TM 990/U89-1 University Board with TM 990/U89K1, TM 990/U89K2 and TM 
990/469 (University BASIC) installed. Does not include 
UNIBUG Monitor or Assembly Language Tutorial textbook. 


TM 990/519 Companion Power Supply for ТМ 990/U89 


2.5.5 ТМ 990/1481 HIGH PERFORMANCE CPU 


ER 


ИЩ, 


The TM 990/1481 is a high-speed general purpose central processing unit, 
implemented on two modules, utilizing Schottky and low power Schottky TTL 
logic. It offers up to 40 times performance improvement over the TM 990/100MA 
or ТМ 990/101MA single-board computers. Shown above are the principal сош- 
ponents of the TM 990/1481 processor and controller boards. Figure 2-8 is a 
block diagram of the TM 990/1481 system. 


FEATURES 


° 15 levels of prioritized and maskable interrupts with associated 
transfer vectors---to avoid polling. 


° Only 3 registers(PC, WSP and ST) completely define the environment at 
any time---for faster interrupt response 

e General purpose registers implemented in user RAM are addressed by 
workspace pointer---limiting their number by the available address 
space. 


б Work space pointer dynamic loading permits convenience in re-entrant 
programming and parameter passing. 


ө Instruction "look ahead", variable clock period, and high degree of 
parallelism in the architecture optimize performance. 


ө 95 distinct powerful instructions for convenient programming 


ө 8 different addressing modes 


e Floating point arithmetic instructions, signed multiply and divide 
ө Operates with ТМ 990/201-44, ТМ 990/203A-13 memory modules. 

e. Special arithmetic overflow interrupt 

ө Two programmable interval timers 


ө Interface to 85232 terminals such as the ТІ Microterminal and Silent 
700 terminals via RS232 connector on controller module 


OPERATION 


The TM 990/1481 microcomputer is a software-compatible member of the TMS 9900 
and TM 990 family. It provides 16-bits of processing power with a 
minicomputer instruction set that includes enhanced integer arithmetic, signed 
multiply, divide, add, subtract, and convert from floating point to integer 
format and vice versa. The TM 990/1481 is designed for 5-MHz operation 
featuring the full 15 levels of prioritized and maskable interrupts and the 
advanced memory-to-memory architecture. 


Processor Board 


The processor board is designed around TI's SN74S481 bit-slice processor. 
Figure 2-8 is a block diagram of this module. The processor's major operating 
registers are contained within the SN74S481 chips. These registers are: the 
program counter(PC), the memory counter(MC), the working register(WR), and the 
extended working register(XWR). This module also contains the status 
register, register file(RO-R15), and the instruction register. The principal 
instruction register is on the controller module. The instruction register on 
the processor із used to store the variable part of the instruction such as 
addressing parameters. 


The interrupt and transfer vector generation logic is included on this module. 
Interrupts are controlled by an on-board TMS 9901 programmable systems 
interface device. It can selectively mask out or test any of the 15 
interrupts and generate a four-bit interrupt vector. 


Controller Board 


The controller board contains the control memory, which stores the 
microinstructions emulating the TMS 9900 and generating new instructions and 
enhances the integer and floating-point arithmetic. It also contains the 
instruction register, clock control logic, an RS232 serial communication 
controller(CRU hardware address 40), and ready handshaking logic to enable the 
TM 990/1481 to operate with TM 990 family memory boards. 


Table 2-14 is the list of additional instructions that enhance the programming 
conveniences and make the TM 990/1H81 a super set of TM 990/100MA or TM 
990/101МҮ. 
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FIGURE 2-8 ТМ 990/1481 BLOCK DIAGRAM 
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TABLE 2-14 ADDITIONAL INSTRUCTIONS FOR THE TM 990/148 1 


ASSEMBLY ASSEMBLY 
LANGUAGE INSTRUCTION LANGUAGE INSTRUCTION 


MNEMONIC MNEMONIC 
Add Double Precision Real Load Double Precision 


Add Real Load Real 


Convert Double Precision Load Status Register 
Real to Extended Integer 


Convert Double Precision Load Workspace Pointer Register 


Real to Integer 
Muiltiply Double Precision Real 


Convert Extended Integer to 
Double Precision Real Multiply Signed 


Convert Extended Integer to Multiply Real 
Real 


Negate Double Precision Real 


Convert Integer to Double 
Precision Real Negate Real 


Convert Integer to Real Subtract Double Precision Real 


Convert Real to Extended Subtract Real 


Integer 
Store Double Precision Real 


Convert Real to Integer 

Store Real 
Divide Double Precision Real 
Divide Signed 


Divide Real 


PERFORMANCE BENCHMARKS 


A benchmark of the TM 990/1481 CPU against the TM 990/101MA running a floating 
point intensive routine under Texas Instruments Real Time Executive (Rx) 
demonstrated an approximately !0X performance improvement over the TM 
990/101MA. The system configurations used were (details are documented in the 


TM 990/1481 User Manual): 


1. TM 990/101MA Microcomputer 
TM 990/203A-13 RAM 
Rx Executive 
PASCAL Benchmark program 


2. TM 990/1481 CPU 
ТМ 990/203A-13 RAM 
Rx Exeoutive (with floating point stubbed out) 


PASCAL Benchmark program 
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DATA FORMATS 
Single precision floating point: 


0 78 15 
нога 1| з] exponent | mantissa (MSB) 
word 2 mantissa (LSB 


sign bit 
positive number 
negative number 


s 
0 
1 


Exponent biased by 64; 24-bit mantissa; 7 digits of accuracy; numbers 
range from 10-78 to 1075. 


Double precision floating point: 


0. 78 15 
word 1| з] exponent | | mantissa (MSB) 
cr To | 
(eit) ЭГ —: SS ee 
word 4 mantissa (LSB 


sign bit 
positive number 
negative number 


e 
n n mu 


Exponent biased by 64; 56-bit mantissa; 17 digits of accuracy; numbers 
range from 10-78 to 1075. 


Integer numbers: 


012 15 


16 bits 


Double precision numbers: 


012 15 


A Ili aa 1 1 
(iit) ЭС ЗЕ ED E 7-0 0097] 


32 bits 
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DEVELOPMENT OF SOFTWARE FOR THE TM 990/1481 


Floating point instructions can be assembled on Texas Instruments mini- 
computers which operate under the DX10 disk based operating system. These 
instructions can be assembled on the following assembler: 


e SDSMAC, release 3.3 


All but four instructions (listed next) used on the TM 990/1481 can be 
assembled on the following assemblers: 


ө SDSMAC, release 3.2 
© TXMIRA, release 2.4 
ө AMPLUS, release 1.0 


The four instructions not assembled on. the above three systems are: 


LST, load status register 
LWP, load workspace 

SDIV, signed divide 

SMUL, signed multiply 


In addition, the user can employ DATA statements in order to create floating 
point object and source statements. The method of doing this is explained in 
the TM 990/1481 User's Guide. 


NOTE 


The AMPL system does not provide in-circuit emulation of the SN74S481 
chips. 


TM 990/403 TIBUG INTERACTIVE DEBUG MONITOR 


The TM 990/403 TIBUG is a debug monitor which provides an interactive 
interface between the user and the TM 990/1481. It is available as an option, 
supplied on two TMS 2716 EPROMs. 


TIBUG occupies EPROM memory space from memory address (М.А.) 000046 to OF FF 16. 
TIBUG uses four workspaces in 40 words of RAM memory. Also in this reserved 
RAM area are the restart vectors which initialize the monitor following single 
step execution of instructions. 


NOTE 


Since the TM 990/1481 CPU does not include any user accessible on-board 
memory, the TM 990/403 TIBUG must be used with a suitable memory module 
such as the ТМ 990/201-44. 


The TIBUG monitor provides eight software routines that accomplish special 
tasks. These routines, called in user programs by the XOP machine instruction, 
perform tasks such as writing characters to a terminal. 


All communications with TIBUG are through a 20 mA current loop or RS232-C 
device. TIBUG is initialized as follows: 


ө Press the RESET button. The monitor is called up through interrupt 
trap 0. 
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9 Press carriage return on the terminal keyboard. TIBUG uses this 
input to measure the width of the start bit and set the TMS 9902 
Asynchronous Communication Controller (ACC) to the correct baud rate. 


ə TIBUG prints an initialization message on the teminal. On the next 
line it prints a question mark indicating that the command scanner is 
available to interpret terminal inputs. 

TIBUG COMMANDS 
TIBUG commands are listed in Table 2-15. 
TABLE 2-15.  TIBUG COMMANDS 


L 


Execute under Breakpoint 


In 


put 
B 


Load Memory from Cassette/Paper Tape 


C  CRU Inspect/Change M Memory Inspect/Change 
D Dump Memory to Cassette/Paper R Inspect/Change User WP, PC, and 
Tape ST Registers 
Е Execute S Execute in Step Mode 
F Find Word/Byte in Memory T 1200 Baud Terminal 
G Start Execution at Location W Inspect/Change Current User Workspaces 


> 1000 
Hex Arithmetic X Move ALU test to RAM and Execute 


TM 990/433 FLOATING POINT DEMO SOFTWARE 


The TM 990/433 floating point demonstration software illustrates TM 990/1481 
microcomputer operation as well as provides examples of the hardware floating 
point instructions. It must be used in conjunction with the TM 990/403 TIBUG 
monitor. It resides in two 2716 EPROMS which must be installed at hex address 
1000. The demo software is not intended to be a user utility library; however, 
user written programs may acess the various routines by linking to the 
appropriate entry point. 


The floating point demo monitor may be initialized by a special TM 990/403 
TIBUG command, the G command, which requires no arguments. Alternatively, the 
monitor may be initialized by beginning execution at address hex 1000 or by 
causing a branch to that address. Once initialized, the TM 990/433 requests 
commands at a system terminal connected to the controller module. The monitor 
allows the individual demo routines to be run interactvely. The various demo 
routines and their interactive command mnemonics are described in Table 2-16. 
Included are the two commands HELP and QUIT. The HELP command list sthe demo 
commands, and the QUIT command causes a branch back to the TIBUG monitor. 


The demo software package requires 13616 bytes of RAM beginning at memory 
address Ғ00046. 


NOTE 
The TM 990/433 Floating Point Demo Software is intended to be used with 
the IM 990/403 TIBUG Monitor and an appropriate memory module such as the 
ТМ 990/201-44, 
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TABLE 2-16. DEMO SOFTWARE COMMANDS 


Routine 
Description Name 


Conversion from ASCII decimal to double-precision ADPFP 
(64-bit) hexadecimal machine representation 


Conversion from ASCII decimal to interfer (16-bit) AINT 
hexadecimal machine representation 


Conversion from ASCII decimal to single precision 
(32-bit) hexadecimal machine representation 


AREAL 


Conversion from single-precision angle value in degrees cos 
to cosine value 


Conversion from double-precision machine representation 
to ASCII decimal 


DASCII 


Conversion from double-precision angle value in degrees 
to cosine value 


DCOS 


Double-precision exponential function DEX 


Conversion from double-precision angle value DSIN 


to sine value 


in degrees 


Single-precision exponential function EX 


Prints a list of demo software commands 


Conversion from interger hexadecimal machine 
to ASCII decimal notation 


representation 


Single-precision simultaneous equations 


Branch back to TIBUG monitor 


RA Conversion from single-precision hex machine RASCII 


to ASCII decimal notation 


representation 


SIN Conversion from single-precision angle value in degrees to SIN 
sine value 


SPECIFICATIONS 

CPU: Based on SN74S481 
Instruction set--95 instructions 
8, 16, 32, or 64 bit operation 
5.0 MHz system clock 

Interrupts: 17 levels---15 may be external 
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Interval Timers: Two (one in the TMS9901 and one in the TMS9902) can be 
programmed to cause interrupts at countdown. 


Resolution Maximum Interval 
TMS9901 21.3 microseconds 349 milliseconds 
TMS9902 64 microseconds 16.32 milliseconds 
Serial 1/0: TMS 9902 Asynchronous Controller 


5 to 8 bit character 

Programmable data rate, stop bits and parity 
Break character generation 

Framing, parity and overrun errors detected 
75 to 38400 baud---software programmable 


Interfaces: Chassis---All TIL compatible 
Communication I/0--20 mA current loop or RS232C 
Interrupts---All TTL compatible 
High-level input voltage---2 V minimum 
Low-level input voltage---0.8 V maximum 


Absolute maximum input voltage--- -0.3 V to 10 V 
Input eurrent--- -1 mA 6 0.3 V 
Bus Drivers: All bus drivers sink 2! mA 8 0.8 V maximum 
Mating Connectors: 
Bus 100 pin, 0.125 in. oc. TI H431111-50 (wire wrap) 
TI Н431121-50 (solder tail) 
Serial I/O 25 pin, male Cinch DB-25P 
AMP DB-25P 


ITT Cannon DB-25P 


Power (typical): 


Operating Temperature Range: 


09 C to 70° C operating ambient at the boards--fan forced 
cooling is required -40° C to 1009 C storage 


Physical: 
Width: 11 inches (279.4 mm) 
Height: 7k inches (190.5 mm) 


Board Thickness: 0.062 inch (1.574 mm) 
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Terminators: 1/0 and interrupt 


4.7kQ 
+5 V 


ON BOARD 
READY.B and HOLD.B inputs 
6202 
+5 у 
ON BOARD’ 
9102 


FIGURE 2-9. I/O AND INTERRUPT TERMINATORS 


2.6 TM 990 COMPATIBILITY 


Since the TM 990/1481 CPU operates at a 5 MHz BUSCLK, it is only compatible 
with TM 990 products designed to that performance level. Table 1-1 summarizes 


the compatibility of the various TM 990 CPU modules. 
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SECTION 3 


MEMORY EXPANSION MODULES (200 SERIES) 
3.1 GENERAL 


A variety of memory expansion modules are available to support the ТМ 990/10X 
CPU modules. These assembled, tested modules are bus compatible, TTL- 
compatible, and designed to fit the TM 990/510, 520, or 530 card cages. 


The TM 990/201 module contains both static RAM and EPROM memory, expandable to 
a maximum configuration of 16K bytes of RAM and 32K bytes of EPROM. The TM 
990/206 contains static RAM memory devices up to a maximum configuration of 
16K bytes. The TM 990/203 contains dynamic RAM memory devices: it is 
expandable to 64K bytes. The TM 990/204 module is a RAM expansion module with 
battery backup. It is available with 4K, 8K, or 16K CMOS memory. 


The memory map configuration is switch selectable on the TM 990/20X modules. 
This switch is used to map memory located on the memory expansion board into 
the available CPU module address space. The operational procedure for the 
memory expansion boards will be described in the following data sheets. 


3.2 SUMMARY OF KEY PARAMETERS 


Table 3-1 provides a listing of the key parameters of the IM 990/20X memory 
expansion modules. Section 3.3 contains Data Sheets for these modules. 


TABLE 3-1. SUMMARY OF KEY PARAMETERS 


Typical Power Requirements 


Memory Type Memory Size (Bytes) 


990/201-41 
990/ 201-42 
990/20 1-43 
990/201-44 


990/206-41 
990/206-42 


990/203А-13 
990/203-21А 
990/203-22 
990/203-23 


990/2104- 1 
990/210A-2 
990/210А-3 
990/210A-1L 
990/210A-2L 
990/210А-ЗЬ 


990/204-1 
990/204-2 
990/204-3 


EPROM/Static 
EPROM/Static 
EPROM/Static 
EPROM/Static 


Static RAM 
Static RAM 


Fast Dynamic 
Dynamic RAM 
Dynamic RAM 
Dynamic RAM 


Bubble Memory 
Bubble Memory 
Bubble Memory 
Bubble Memory 
Bubble Memory 
Bubble Memory 


RAM Expansion 
RAM Expansion 
RAM Expansion 


8K EPROM, НК RAM 
16K EPROM, 8K RAM 
32K EPROM, 16K RAM 
32K EPROM, 16K RAM 


8K RAM 
16K RAM 


64K RAM 
16K DRAM 
32K DRAM 
64K DRAM 


4K CMOS 
8K CMOS 
16K CMOS 


160 шА 50 
225 mA 125 
475 mA 225 
475 mA 225 


РЕРЕРЕ 


А 


РЕРЕРЕ BEBE 


| 3.3 MEMORY EXPANSION MODULE 
| DATA SHEETS 


3.3.1 TM 990/201 MEMORY EXPANSION BOARD 


The TM 990/201 is an assembled, tested memory expansion board designed for use 
with TMS 9900-based microcomputer modules such as the ТМ 990/100MA. Тһе ТМ 
990/201 has sockets for both static RAM and EPROM memory, expandable to a 
maximum configuration of 16K bytes of RAM and 32K bytes of EPROM. Memory 
configurations, as shipped on each board, are described later in Table 3-3. 


FEATURES 


e Bus-compatible with the TM 990/10X microcomputer modules 
(The TM 990/201-44 is also bus-compatible with the TM 990/1481) 


e TMS 2716 EPROM, expandable to 32K bytes 
© TMS 2114 static RAM, expandable to 16K bytes 
€ 1 microsecond cycle time (3 MHz) 


ө TTL-compatible interface 


"ә Designed to fit the TM 990/510, 520, 530 card cages 


DESCRIPTION 


The TM 990/201 memory expansion board is a member of Texas Instruments line of 
OEM computer products which takes advantage of Texas Instruments broad based 
semiconductor technology to provide economical, computer based solutions for 
OEM applications. Тһе memory expansion board is contained on a 7} x 11 inch 
printed circuit board which is fully compatible with the TM 990 board format. 


The ТМ 990/201 features up to 16K bytes of static RAM and up to 32K bytes of 
EPROM. The static RAM array is composed of 2114, 1K x 4 static memory 
devices. The EPROM array comprises Texas Instruments TMS 2716, 2K x 8 EPROM 
devices. The static RAM array is arranged into four banks of memory, each 2K x 
16. THe EPROM array is likewise arranged into eight banks, each 2K x 16. Both 
memory arrayS are socketed for convenient memory expansion. (The ТМ 
990/201-42, 201-43, 201-44 are fully socketed. The TM 990/201-41 is half 
socketed.) 


The ТМ 990/201 memory controller logie provides the timing and memory mapping 
functions necessary to interface the TM 990/201 to 16-bit TM 990/10X series 
microcomputers. The memory map is switch selectable for both the RAM and 
EPROM arrays. Sixteen convenient memory map configurations are possible for 
each array, and the maps are configured on 4K byte address boundaries. The 
map logic also is designed to accommodate customized memory maps. 


OPERATION 


This section explains the procedure for setting up the TM 990/201 module for 
operation with a TM 990/100MA microcomputer. Essentially the user needs only 
to choose the correct memory configuration, insert the board into the chassis, 
and apply power to set up the system for operation. 


The operation of the TM 990/201 memory module should be transparent to the 
user in that no special signals are required other than those supplied through 
the backplane of the card cage. 


MEMORY ACCESS SPEED 


Jumpers Jl and J2 must be set to FAST or SLOW to indicate respectively the 
access time of the RAM or EPROM memories used. Table 3-2 lists access time 
and J1/J2 settings. 


TABLE 3-2. ACCESS TIME AND J1/J2 SETTINGS 


MEMORY J1 (RAM) AND J2 (EPROM) 
ACCESS TIME SETTING AT CLOCK RATE 


зш |] اسو‎ 


*TM 990/201-44 only 


3-4 


EXAMPLE: This example assumes the following configurations: 
1. TM 990/100MA microcomputer 


e ЦК x 16 EPROM in memory address (М.А.) 000016 to 1FFF46 
e 1K x 16 RAM in M.A. F80046 to FFFF16* 


2. ТМ 990/201-41 expansion board 


e 4K x 16 EPROM 
e 2K x 16 RAM 


Figure 3-1 depicts the desired memory map. Note that expansion EPROM resides 
at address 200016 to 3FFF46 while expansion RAM on the ТМ 990/201-41 is to 
reside in locations Е00016 to EFFF46 of the TM 990/100MA address map. 


The user must do four things to the TM 990/201-41 prior to interfacing the 
unit to the microcomputer: 


1. Configure the expansion RAM into the TM 990/100MA memory map using 
switch 51 and memory placement on the board. 


2. Configure the expansion EPROM into the TM 990/100MA memory map using 
switch S1 and memory placement on the board. 


3. Select the wait state for RAM using jumper J1. 
Ц. Select the wait state for EPROM using jumper 42. 


In order to configure expansion RAM and ROM into the TM 990/100MA memory map, 
consult Figure 3-2 for switch positions for RAM and Figure 3-3 for switch 
positions for ROM. Switches 5-8 (RAM) on memory configuration switch 51 
should be set to switch code D (OFF-ON-OFF-OFF) and switches 1-4 (ROM) to 
switch code C (ON-ON-OFF-OFF). 


In order to configure the wait state jumpers for RAM and EPROM, the CPU speed 
and memory access times must be known. The TM 990/100MA operates at 3 MHz. 
The TM 990/201-41 is shipped with 2114 RAM's, 450 nsec access time. Thus, 
place the RAM FAST/SLOW jumper (J1) in the "SLOW" position. The TM 990/201-41 
is shipped with TMS 2716 EPROM's which have а 450 nsec access time. Place the 
EPROM FAST/SLOW jumper (J2) in the "SLOW" position. The jumper positions were 
obtained from Table 3-2. 


OPTIONS 
The TM 990/201 is available in the four versions shown in Table 3-3. 


TABLE 3-3. TM 990/201 OPTIONS 


Memory Expansion Area 
Model No. Memory Populated Extra Sockets Provided 


Ген | мн p mme | ан 


Max Bus 
Clock Freq 


ТМ 990/201-41 4K x 16 2K x 16 3 MHz 4K x 16 2K x 16 
TM 990/201-42  8K x 16 4K x 16 3 MHz 8K x 16 4K x 16 
TM 990/201-43 16K x 16 8K x 16 3 MHz None None 


TM 990/201-44 None 8K x 16 5 MHz 16K x 16 None 
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DESCRIPTION 


The ТМ 990/201 memory expansion board is a member of Texas Instruments line 

OEM computer products which takes advantage of Texas Instruments broad base 
semiconductor technology to provide economical, computer based solutions Я 
OEM applications. The memory expansion board is contained on a 74 x 11 ine 
printed circuit board which is fully compatible with the TM 990 board format. 


The TM 990/201 features up to 16K bytes of static RAM and up to 32K bytes c 
EPROM. The static RAM array is composed of 2114, 1K x 4 static memory 
devices. The EPROM array comprises Texas Instruments TMS 2716, 2K x 8 EPF 
devices. The static RAM array is arranged into four banks of memory, each 2K 
16. THe EPROM array is likewise arranged into eight banks, each 2K x 16. Bot 
memory arrays are socketed for convenient memory expansion. (The TM 


990/201-42, 201-43, 201-44 are fully socketed. The TM 990/201-41 is hal 
socketed. ) 


The TM 990/201 memory controller logic provides the timing and memory mapp 
functions necessary to interface the TM 990/201 to 16-bit TM 990/10X series 
microcomputers. The memory map is switch selectable for both the RAM and 
EPROM arrays. Sixteen convenient memory шар configurations are possible fc 
each array, and the maps are configured on 4K byte address boundaries. The 
map logic also is designed to accommodate customized memory maps. 


OPERATION 


This section explains the procedure for setting up the TM 990/201 module for 
operation with a IM 990/100MA microcomputer. Essentially the user needs only 
to choose the correct memory configuration, insert the board into the chassis, 
and apply power to set up the system for operation. 


The operation of the TM 990/201 memory module should be transparent to the 


user in that no special signals are required other than those supplied throu 
the backplane of the card cage. 


MEMORY ACCESS SPEED 


Jumpers Jl and J2 must be set to FAST or SLOW to indicate respectively the 


access time of the RAM or EPROM memories used. Table 3-2 lists access time 
and 41/22 settings. 


TABLE 3-2. ACCESS TIME AND J1/J2 SETTINGS 


MEMORY J1 (RAM) AND J2 (EPROM) 
ACCESS TIME SETTING AT CLOCK RATE 


*TM 990/201-44 only 


EXAMPLE: This example assumes the following configurations: 
1. ТМ 990/100MA microcomputer 


e ЦК x 16 EPROM in memory address (М.А.) 000046 to 1FFF46 
e 1K x 16 RAM in М.А. Е80016 to FFFF 16: 


2. ТМ 990/201-41 expansion board 


ө 4K x 16 EPROM 
ө 2K x 16 RAM 


Figure 3-1 depicts the desired memory map. Note that expansion EPROM resides 
at address 200016 to 3FFF;g while expansion RAM on the TM 990/201-41 is to 
reside in locations E00046 to EFFF46 of the ТМ 990/100MA address шар. 


The user must do four things to the TM 990/201-41 prior to interfacing the 
unit to the microcomputer: 


1. Configure the expansion RAM into the TM 990/100MA memory map using 
switch S1 and memory placement on the board. 


2. Configure the expansion EPROM into the TM 990/100MA memory map using 
switch S1 and memory placement on the board. 


3. Select the wait state for RAM using jumper 41. 


4. Select the wait state for EPROM using jumper J2. 


In order to configure expansion RAM and ROM into the TM 990/100MA memory map, 
consult Figure 3-2 for switch positions for RAM and Figure 3-3 for switch 
positions for ROM. Switches 5-8 (RAM) on memory configuration switch 51 
should be set to switch code D (OFF-ON-OFF-OFF) and switches 1-4 (ROM) to 
switch code C (ON-ON-OFF-OFF). 


In order to configure the wait state jumpers for RAM and EPROM, the CPU speed 
and memory access times must be known. The TM 990/100MA operates at 3 MHz. 
The TM 990/201-41 is shipped with 2114 RAM's, 450 nsec access time. Thus, 
place the RAM FAST/SLOW jumper (J1) in the "SLOW" position. The TM 990/201-11 
is shipped with TMS 2716 EPROM's which have a 450 nsec access time. Place the 
EPROM FAST/SLOW jumper (J2) in the "SLOW" position. The jumper positions were 
obtained from Table 3-2. 


OPTIONS 
The TM 990/201 is available in the four versions shown in Table 3-3. 


TABLE 3-3. TM 990/201 OPTIONS 


Memory Expansion Area 
Model No. Memory Populated Extra Sockets Provided 


Max Bus 
Clock Freq 


TM 990/201-41 4K x 16 2K x 16 3 MHz 4K x 16 2K x 16 
TM 990/201-42  8K x 16 4K x 16 3 MHz 8K x 16 UK x 16 
TM 990/201-43 16K x 16 8K x 16 3 MHz None 


TM 990/201-44 None 8K x 16 5 MHz 16K x 16 
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* FIGURE 3-2. ТМ 990/201 RAM DECODE CONFIGURATIONS 
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* FIGURE 3-2. ТМ 990/201 ВАМ DECODE CONFIGURATIONS 
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FIGURE 3-3. TM 990/201 EPROM DECODE CONFIGURATIONS 
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SPECIFICATIONS 
Memory Configuration: 


2114 static RAM 1K x 4, 450 nsec access time (200 nsec for -Н\) 
TMS 2716 EPROM 2K x 8, 450 nsec access time 


Power Requirements (typical): 


Model +5V + 3% +12V + 3% -12V + 3% 
ТМ 990/201-41 1.0 А 0.16 А 0.05 А 
ТМ 990/201-12 1.4 А 0.225 А 0.125 А 
ТМ 990/201-43 2.2 А 0.475 А 0.225 А 
ТМ 990/201-44 2.2 А 0.475 А 0.225 А 
Cycle Time: Memory Device Memory Cycle Memory Cycle Time @ 5 MHz 
Access Time Time @ 3 MHz (TM 990/201-44 only) 
(nsec) (usec) EPROM RAM 
450 1.0 0.600 - 
300 0.667 0.600 - 
200 0.667 0.400 0.400 
150 0.667 0.400 0.400 


Bus Interface: Data and Address -- Three-State TTL-compatible 
Control -- TTL-compatible 


Mating Connector: 100 Pin, 0.125 in. сс ТІ H431111-50 (wire wrap) 
TI H431121-50 (solder tail) 


Operating Temperature Range: 0 deg C to 70 deg с 


Physical Characteristics: 


Width: 11 inches (279.4 mm) 
Height: Ti inches (190.5 mm) 
Board Thickness: 0.062 inch (1.574 mm) 
Component Height: 0.40 inch (10.16 mm) 


ORDERING INFORMATION 


TM 990/201-41 8K bytes EPROM, 4K bytes RAM, half socketed 
TM 990/201-42 16K bytes EPROM, 8K bytes RAM, fully socketed 
TM 990/201-43 32K bytes EPROM, 16K bytes RAM, fully socketed 
TM 990/201-44 16K bytes RAM, fully socketed (200 nsec RAM) 


3.3.2 TM 990/206 EXPANSION MEMORY BOARD 


The TM 990/206 is an assembled, tested, RAM expansion memory board designe 
for use with TMS 9900-based microcomputer modules such as the TM 990/100MA. 
The ТМ 990/206 contains static RAM memory devices up to a maximum 
configuration of 16K bytes. The TM 990/206 is similar to the popular TM 
990/201 memory board, but only the RAM section is populated. 


FEATURES 


€ Bus compatible with the TM 990/ 
10X microcomputer modules 


ө 8K bytes of 2114 static RAM, 
expandable to 16K bytes 


Ө 1 usec cycle time (3 MHz) 
ө TTL-compatible interface 


ө Designed to fit the TM 990/510, 520, 530 
card cages. 


DESCRIPTION 


The TM 990/206 expansion memory board is a member of Texas Instruments' line 
of OEM computer products which take advantage of Texas Instruments' broad 
based semiconductor technology to provide economical, computer based solutions 
for OEM applications. The memory expansion board is contained оп a 7} x 11 
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inch printed circuit board which is fully compatible with the TM 990 board 
format. The ТМ 990/206 features up to 16K bytes static RAM. Тһе RAM array is 
composed of 2114 1K x 4 static memory devices. The array is configured into 
four banks of memory, each bank consisting of 4K bytes. The RAM array is fully 
socketed for convenient memory expansion. 


The memory controller logic provides the timing and memory mapping funcions 
necessary to interface the TM 990/206 to 16-bit TM 990/10X series 
microcomputers. Sixteen convenient, switch selectable, memory map 
configurations are possible. All maps are configured on 8K byte address 
boundaries. See Figure 3-4. 


The TM 990/206-4X family of memory expansion boards is populated with 2114 
static RAM's, featuring an access time of 450 nsec. For operation with a TM 
990/100MA microcomputer, each memory cycle to the TM 990/206 is extended one 
clock cycle by the insertions of a WAIT state. If faster static RAM's are 
utilized, the WAIT state can be conveniently removed with a jumper. 


OPERATION 


Essentially the user needs only to choose the correct memory configuration, 
insert the board into the chassis, and apply power to set up the system for 
operation. 


The operation of the TM 990/206 memory module should be transparent to the 
user in that no special signals are required other than those supplied through 
the backplane of the card cage. 

MEMORY ACCESS SPEED 

Jumpers J1 and J2 must be set to FAST or SLOW to indicate respectively the 


access time of the RAM or EPROM memories used. Table 3-4 lists access time 
and 41/22 settings. 


TABLE 3-4. ACCESS TIME AND 41/42 SETTINGS 


Memory J1 (RAM) and J2 (EPROM) 
Access Time Setting at Clock Rate 
3 MHz 


EXAMPLE 
This example assumes the following configurations: 


1. TM 990/100MA CPU Module 
ө 4K x 16 EPROM in memory address (M.A.) 000016 


© 1K x 16 RAM іп M.A. Е80016 to FFFE16 
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2. ТМ 990/206-41 memory expansion module 


e 4K x 16 RAM 


Figure 3-5 depicts the desired memory map. Note that expansion RAM on the TM 


990/206-41 is to reside in locations 200016 to EFFE;6 of the TM 990/100MA 
address map. 


The user must do two things to the TM 990/206-41 prior to interfacing the unit 
to the microcomputer: 


1. Configure the expansion RAM into the TM 990/100MA memory map. 


2. Configure the wait state for RAM. 


In order to configure the expansion RAM into the TM 990/100MA memory map, set 
switch array S1 to code ON-OFF-OFF-OFF (switch code E in Figure 3-4). 


In order to configure the wait state for RAM, the CPU speed and the access 
time for the slowest memory devices used must be known. The TM 990/100MA CPU 
module operates at 3 MHz. The TM 990/206-41 is shipped with 2114 RAM's which 
have 450 nanosecond access time. Table 3-4 indicates that the RAM FAST/SLOW 
jumper (J1) should be in the "SLOW" position. 
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FIGURE 3-4. ТМ 990/206-4X RAM DECODE CONFIGURATION 
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OPTIONS 
The TM 990/206 is available in the two versions shown in Table 3-5. 


TABLE 3-5. TM 990/206 OPTIONS 


Model No. RAM Population Expansion Area 
Additional Sockets 


ТМ 990/206-41 4K x 16 


TM 990/206-42 


SPECIFICATIONS 
Memory Configuration: 2114, 1K x 4 static RAM 


Power Requirements (typical): 


Model +51 
ТМ 990/206-41 1.3 А 
ТМ 990/206-42 2.2 А 
Cycle Time: Memory Device Memory Cycle 
Access Time Time (usec) 
(nsec) @3 MHz 
450 1.0 
300 0.667 
200 0.667 
150 0.667 
Bus Interface: Data and Address Three-State TTL-Compatible 
Control TTL-Compatible 


Mating connector: 


100 pin, 0.125 in. сс TI H431111-50 (wire wrap) 
TI H431121-50 (solder tail) 


Operating Temperature Range: 
0 deg C to 70 deg C 


Physical Characteristics: 
Width: 11 inches (279.4 mm) 
Height: 73 inches (190.5 mm) 
Board Thickness: 0.062 inch (1.574 mm) 
Board Standoff: 0.4 inch (10.16 mm) 
ORDERING INFORMATION 


TM 990/206-41 4K x 16 RAM, sockets for 8K x 16 memory 
ТМ 990/206-42 8K x 16 RAM, fully socketed 
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3.3.3 TM 990/203 EXPANSION MEMORY BOARD 


The TM 990/203 is an assembled, tested, memory expansion board designed for 
use with TMS 9900-based microcomputer modules such as the TM 990/100MA or TM 
990/101MA. The TM 990/203 contains dynamic RAM memory, expandable to a 
maximum configuration of 64K bytes. 
FEATURES 

€ Bus compatible with TM 990 microcomputer modules 


e 64K bytes of TMS 4116 dynamic RAM (16,384 x 1 bit each) for TM 
990/203-23 and 2034-13 


e 32K bytes of TMS 4116 dynamic RAM (16,384 x 1 bit each) for TM 
990/203-22 3 


e 16K bytes of TMS 4108 dynamic RAM (8,192 x 1 bit each) for TM 
990/203-21А 


© Cycle steal or transparent refresh 


e Runs with no wait states at 3 MHz (203A-13 runs with no wait states at 
5 MHz) 


ө Parity error detection 
ө DMA capability 


€ Designed to fit the TM 990/510, 520, 530 card cages. 


DESCRIPTION 


Address decoding circuitry on the TM 990/203 module decodes both 16- and 20- 
bit addresses. Upper and lower boundaries are DIP switch selectable on 4K 
byte boundaries. Boundary selection is independent of the amount of memory 
actually populated on the module. This means the user can disable any 4K 
bytes of memory for other use such as a ІК EPROM loader. All of the ТМ 
990/203 memory may be disabled without removing it from the card cage by 
selecting a starting address that is greater than the ending address. 


PARITY OPTIONS 


The TM 990/203 memory module will interrupt the processor in the event of a 
parity error if operation with parity is used. An interrupt handler (software 
routine) must be generated by the user to reset the parity interrupt and flag 
the memory location which is in error. The exact location in error may be 
found by the interrupt routine if a read operation is performed, with all 
additional interrupts masked, on the entire RAM memory while the software 
monitors the interrupt line to check for errors. 


Three jumper selectable parity options are available: no parity interrupts, 
parity interrupts resetable by the CPU's TMS 9901, or parity interrupts 
resetable by a discrete CRU location (with user supplied PROM). Jumpers are 


also provided to configure the TM 990/203 parity interrupt to level 1 or 
level 2. 


Parity interrupts may be reset by the TM 990 bus signal ІМТ15.В-/РТ which is 
usually generated by setting bit P7 in the CPU TMS 9901 I/O port. A low on 


this line will clear and disable the parity interrupt. A high on this line 
will enable the parity interrupt. 


Parity interrupts can also be reset by doing a CRUOUT operation. The 
particular location is programmed into an SN74S287N PROM supplied by the user. 
This allows the user to free INT15.B- for other purposes. It also allows the 
user to configure his reset in the CRU address map. 


MEMORY OPTIONS 


The TM 990/203-21A, 203-22, and 203-23 are populated with 250 nsec access time 
RAMS. The ТМ 990/203A-13 is populated with 150 nsec access time RAM. Table 
3-6 lists the wait states required with these memories. 


TABLE 3-6. ТМ 990/203 WAIT STATES 


Clock Rate 203А-13 203-21A 203-22 203-23 
0 0 0 


3 MHz 0 
5 Mhz 0 N/A N/A N/A 


Two jumper selectable refresh modes are available. Transparent refresh 
automatically refreshes the dynamic memories when they are not being accessed. 
In transparent mode the processor indicates to the memory that the following 
few cycles are available to do a refresh cycle. This indication is the rising 
edge of MEMEN-. When this is sensed by the TM 990/203 the next 2 consecutive 
clock cycles following this edge are used for refresh. 
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The TM 990/203 is designed such that transparent mode defaults to cycle steal 
mode; this occurs every time there is a minimum refresh violation. That is, 
the number of refresh cycles performed during any fixed time is less than the 
minimum required to insure data integrity. For example, if the processor is 
placed in a hold state in order that another processor may take the line, 
MEMEN-, as well as the data and address lines of the processor, is placed in 
the three-state, high impedance condition. If the bus is not captureu and 
MEMEN- stays in this state, the IM 990/203 cycle steal circuitry will time out 
and issue a refresh request. This is all done on board the TM 990/203 and is 
transparent to the user unless he tries to access the ТМ 990/203 during this 


time. In that case a not ready condition will be asserted until the end of 
the refresh cycle. 

SPECIFICATONS 

Clock Rate: 3 MHz (TM 990/203A-13 5 MHz maximum) 


Devices Utilized: TMS 4108-25 dynamic RAM (8K x 1 bit each) in TM 990/203-21A 
TMS 4116-25 dynamic RAM (16K x 1 bit each) in TM 990/203-22 
and ТМ 990/203-23 
TMS 4116-15 dynamic RAM (16K x 1 bit each) іп ТМ 990/203A-13 


Operating Temperature Range: 
0 deg С to 70 deg С 


Power Requirements: 
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Voltage Currents (cycle steal) 
16K (bytes) 32K 64K 
TYP MAX TYP MAX TYP MAX 
Усс +51 + 3% 1.9 А 304 1.85 A 2.ТА 1.9 А 3.0 А 
Vdd «12V + 3% 77 mA 1.2А 65 mA 0.6 А 90 mA 1.2 А 
Vaa -12V + 3% 10 mA 20 mA 10 mA 15 mA 10 mA 20 mA 
Currents (transparent mode) 
16K 32K 64K 
ТҮР МАХ ТҮР МАХ ТҮР МАХ 
Усс +5V + 3% 19А 3.0А 1.85 А 2.ТА 1.9 А 3.0 А 
Vdd +12V + 3% 150 mA 1.2 А 110 mA 0.6 А 190 mA 1.2 А 
Vaa -12V + 3% 10 mA 20 mA 10 mA 15 mA 10 mA 20 mA 
Ordering Information: 
ТМ 990/203А-13 32 K x 16 bits of TMS 4116-15 RAM with parity 
ТМ 990/203-21А 8 K x 16 bits of TMS 4108-25 RAM with parity 
ТМ 990/203-22 16 K x 16 bits of TMS 4116-25 RAM with parity 
ТМ 990/203-23 32K x 16 bits of TMS 4116-25 RAM with parity 


3.3.4 TM 990/210A BUBBLE MEMORY BOARD 


The TM 990/210A is an assembled, tested, non-volatile Magnetic bubble memory 
board compatible with the TM 990 series of single board microcomputer 
Products. The TM 990/210A contains two, four, or six ТІВ02035 92K bit 
Magnetic bubble memory devices Providing up to 69K bytes of non-volatile 
memory capacity. 
FEATURES 

@ Compatible with the ТМ 990 microcomputer bus 

9 Operates with the TM 990/10X or TM 990/1181 CPU modules 

® 23K bytes, 46K bytes, or 69K bytes of non-volatile memory 

© 4 millisecond access time (860 uS min to 7.3 mS max) 

e Write protect facility 

€ Power fail protection 

ө Memory mapped 8 bit data transfers 

ө Implemented with custom interface I.C.s including LSI NMOS controller 


ө Single or multi-page transfers 


ә Continuous data transfer rate of HUK bits/sec 
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ө Standard bus supplies +5V, +12V, -12V 


ө Designed to fit the TM 990/510, 520, 530 
card cages. 


DESCRIPTION 


Тһе ТМ 990/210A non-volatile magnetic bubble memory board is a member of Texas 
Instruments' line of OEM computer products which take advantage of Texas 
Instruments' broad based electronic device technology to provide economical, 
computer based solutions for OEM applications. The bubble memory circuitry is 
contained on a 7i x 11 inch printed circuit board which is fully compatible 
with the TM 990 board format. The TM 990/210A features up to 69K bytes of non- 
volatile magnetic bubble memory composed of Texas Instruments ТІВО2035 bubble 
memory devices and custom peripheral circuits. 


The custom controller and function timing generator perform the timing and 
memory mapping funcions necessary to interface the ТІВ02035 to the ТМ 990/10Х 
series or TM 990/1481 microcomputers. Fifteen miniature switches determine 
the memory mapped address of the TM 990/210A board. 


OPERATION 


The bubble memory uses the well proven major minor loop architecture. The 
major loop is used to transfer data to and from the minor loops. In each 
bubble device there are 157 minor loops and each minor loop holds 641 bits of 
data. Data is accessed by transferring one bit only simultaneously from each 
minor loop into the major loop. Subsequent rotation of the bubbles in the 
major loop across a detector element allows each bit to be read. The 157 bits 
of the major loop make up a page of data and this is the smallest unit of data 
that the controller will transfer. 


The controller supervises all the bubble I/O operations. It buffers the 
bubble data in a 20 byte FIFO and tracks the position of the bubbles in the 
memories. The controller will only service one bubble at a time. 


In the event of power failure or a power supply transient, the controller will 
return the remaining FIFO data to the minor loops and stop. The memory is 
then disabled and further 1/0 operations are inhibited until a memory is 
re-enabled. If power fails during a bubble 1/0 operation then a warning must 
be signaled to the board at least 13 mS before the loss of regulation of any 
Supply to avoid the loss of data. 


Write protection is provided on the module. By jumper selection the generate 
and annihilate signals on each bubble can be inhibited. This feature 
eliminates accidental erasure of critical read-only data such as an operating 
system. 


SOFTWARE 


User programming of the 210A board is very simple. For example, to access one 
page of data, the page address required is loaded into the controller and a 
Single page read command is issued. After testing the busy status bit, the 
controller is unloaded one byte at a time. 


The software may be operated either in an interrupt driven mode or the status 
register may be polled. Single page data transfers allow the FIFO to be 


unloaded at any speed whereas multi-page transfers allow the maximum data rate 
to be achieved. 


The TM 990/210A board may be supported from assembler code, P-Basic, 
Microprocessor Pascal, or TI Pascal. 
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FIGURE 3-6 ТМ 990/210A BLOCK DIAGRAM 
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SPECIFICATIONS 

Clocks: 2 MHz, two phase generated by on-board crystal oscillator 
Nominal Field Frequency: 100 KHz 

Devices Utilized: ТІВ02035 92K, 3 micron bubble memories 
Operating Temperature Range: 0 deg C to 70 deg C (L version) 
Interrupts: Jumper selectable (2, 8, 10, or 14) 

Architecture: 6 Bubbles (max) x 641 pages x 144 bits 

Redundancy: Handled by pre-programmed fusible link PROM 

Software: TIBUB monitor (optional), PBASIC File Manager (optional) 


Power Fail Warning: A power-fail-pending (TTL active low) must be signalled 
to the TM 990/210A board a minimum of 13 mS before power goes out of required 
specification for the TM 990/210A to be nonvolatile. 


Many commercial power supplies are suitable for this application. It is most 
important to check that the power fail warning signal meets its setup time at 
minimum line input voltage and at the anticipated full load current of the IM 
990 system. The time delay between the actual power failure and the generated 
power fail signal should also be checked. If the delay is too short then 
normal operation of the TM 990 system will be hampered by incidental mains 
glitches which can otherwise be tolerated by the power supply. If the delay 
is too long then the setup time for the power fail warning signal may not be 
met. 


The RT101-2 (115V line input) manufactured by AC/DC Electronics is suitable 
for many applications. It has triple outputs +5V, +12V, -12V rated at 20 A, 
2 А, 2 A respectively. At 90 volts line input, it has a total holdover 
storage time of 25 ms at 70% rated load. After subtracting the 10 ms delay 
before power fail warning is given, there is a remaining 15 ms of power 
available for the bubble operation to be terminated. However at higher loads, 
the power fail warning signal no longer meets the setup time. 


Power Requirements: 210A-1 210A-2 210A-3 
Усс 45V + 3% 0.87 1.0 1.1А 
Vdd +12V + 3% 25 mA 25 mA 25 mA 
Vaa -12V + 3% (#idle) 95 mA 190 mA 290 mA 
Vaa -12V + 3% (*active) 250 mA 330 mA 420 ma 


“Тһе system becomes active when the controller is accessing data from one of 
the bubbles. The +5V and +12V currents do not change appreciably between idle 
and active. 


Bus Interface: 


Data and Address -- Three-State TTL-Compatible 
Control -- TTL-Compatible 
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Mating connector: 


100 Pin, 0.125 іп. сс TI H431111-50 (wire wrap) 
TI H431121-50 (solder tail) 


20 Pin, 0.100 in. ce Viking  3VH10/1JV3 (solder tail) 


Physical Characteristics: 


Width: 11 inches (279.1 mm) 
Height: 7k inches (190.5 mm) 
Board Thickness: 0.062 inch (1.574 mm) 
Board Standoff: 0.4 inch (10.16 mm) 


Ordering Information: 


м 


ТМ 990/210A-1 
TM 990/2104-2 
TM 990/2104-3 
TM 990/210A-1L 
TM 990/2104-2L 
TM 990/210A-3L 


ТІВ02035, 23K bytes storage capacity, 
x TIBO203S, 46K bytes storage capacity, 
x TIBO203S, 69K bytes storage capacity, 
x ТІВ02035, 23K bytes storage capacity, 
ТІВ02035, 46K bytes storage capacity, 
ТІВ02035, 69K bytes storage capacity, 


NEN QQ FEN 


мм 
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TIBUB (TBS 431) 
TIBUB is an interactive monitor primarily designed as a debugging aid for IM 
990 systems using the TM990/210A bubble memory module. However, TIBUB may 
also be used in the target environment to handle bubble memory data transfers 
or as a system boot loader. TIBUB is self-relocating. TIBUB EPROMS will 
operate in any memory position. Its major features include: 

ө Resides in two TMS 2716 EPROMS 

e TIBUB treats the bubble memory module as a large byte addressable RAM 


e Allows individual bubble memory locations to be modified through the 
keyboard. 


e Provides dump and load facilities to and from bubble memory through the 
keyboard. 


e Supports byte orientated, user callable (XOP) bubble memory dump and 
load routines 


e Will operate às system bootloader 

ө Includes line-by-line 9900 disassembler 

ө Allows breakpoint, single step, and trace within user's program 

ө Supports user callable (ХОР) terminal handling routines 

ө Includes comprehensive bubble memory test capability (TIBUB I only) 


e Supports direct communication with host computer to allow program and 
data transfer (TIBUB II only) 


Ordering Information: 


TBS 431-1 ТІБІВІ EPROM Kit 
TBS 431-2  TIBUB II EPROM Kit 
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3.3.5 ТМ 990/204 RAM EXPANSION BOARD WITH BATTERY BACKUP 
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The TM 990/20! is an assembled, tested RAM expansion board designed for use 
with TMS 9900-based microcomputer modules such as the TM 990/100MA, TM 
990/101MA, and the ТМ 990/1481. Built-in battery backup feature prevents loss 
of CMOS memory data in case of a power loss: battery backup far exceeds the 
normal protection requirements. Typical backup times are: 


37 days for the TM 990/204-1 (4K CMOS RAM) 
34 days for the TM 990/204-2 (8K CMOS RAM) 
30 days for the TM 990/204-3 (16K CMOS RAM) 


FEATURES 
© Bus-compatible with the TM 990/10X and TM 990/1481 microcomputer modules 


o CMOS or NMOS RAM compatible. Сап be mixed in individual 4K by 8-bit 
blocks (blocks are shown above). Maximum of 4 blocks per board. 


® Shipped populated with CMOS ВАМ. Memory is expandable to 4K, 8K, or 16K 
bytes. 


® Includes battery backup and battery recharge circuitry. Because of the 
heavy current requirements for NMOS memory, the battery backup feature 
"із intended for CMOS only. 
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e TIL-compatible interface 

e DMA capability 

e Designed to fit the TM 990/510, 520, 530 card cages 

e CRU-controllable functions include: 

- Write-protect selected memory blocks (if protected, memory will be 
deselected and a violation interrupt can be specified by the user) 

- Execute-protect selected memory blocks (memory is not deselected, but 
interrupt at board interrupt level, can be specified by user) 

- Set and read four flag bits 

- Control functions such as delete board memory from system, write- 
protect violation indicators, execute-protect violation indicators, 
board-addressed bit 

ө Board LEDs designate: 

- Attempt to execute instruction from an execute-protect block of 
memory 

- Attempt to weite to write-protected block of memory 

- User-designated, software programmable 

o All memory can be write-protected by a switch accessable to the user 
while the board is installed 

e Memory сап be mapped into system using jumper-selectable addresses; 
includes extended addressing (address 1M bytes) 

ө Selectable interrupt levels (interrupts, if enabled, are caused by 
attempts to violate write-protected or execute-protected blocks of 
memory) 

ө Selectable memory wait states 

DESCRIPTION 


The TM 990/204 RAM expansion board is a member of Texas Instruments line of 
OEM computer products which takes advantage of Texas Instruments broad based 
semiconductor technology to provide economical, computer based solutions for 
OEM applications. The RAM expansion board is contained on a 7} x 11 inch 
printed circuit board which is fully compatible with the TM 990 board format. 


OPTIONS 


The TM 990/204 is available in the three versions shown below: 


TM 990/201-41 4K CMOS Populated Memory Size (Bytes) 
ТМ 990/201-42 8K CMOS Populated Memory Size (Bytes) · 
ТМ 990/201-43 16K CMOS Populated Memory Size (Bytes) 
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FIGURE 3-7. ТМ 990/204 BLOCK DIAGRAM 


SPECIFICATIONS 


Memory Device Compatibility includes: 
CMOS: 6514 or equivalent 
NMOS: 2114 or equivalent 
Chip organization: 1024 x 4 


Power Requirements: 


Amperage at 5V (+3%)* 


CMOS NMOS 
Model typ max typ max 
TM 990/204-1 1.10 A 1.98 A 1.42 A 2.46 A 
TM 990/204-2 1.16 A 2.30 А 1.78 А 3.26 А 
ТМ 990/204-3 1.27 А 2.94 А 2.5 А 4.86 А 


% Shipped with CMOS only: NMOS power shown for information only. 


3-26 


Frequency: 5 MHz maximum, memory wait states jumper selectable 
Memory Cycle Time (as shipped): 
3 MHz 5 MHz 
Waits States 1 2 
Cycle Time 1.0 usec 800 nsec 
Bus Interface: Data and Address -- Three-State TTL-compatible 


Control -- TIL-compatible 


Mating Connector: 100 Pin, 0.125 in. сс ТІ H431111-50 (wire wrap) 
TI H431121-50 (solder tail) 


Battery: Gould MS2501 Gould MS2503 GEH 1B0 19AD00201 Unit 
Voltage 1.2 (3 needed) 3.6 3.6 V 
Capacity 250 250 250 mA-H 
Max Temp TO TO 70 ос 
Dimensions 

Diameter 0.563 0.563 0.62 inch 
Height 1.200 3.55 3.87 inches 


Data Retention (during power down): 


Module Typical Worst Case (0° to 70°C) 
ТМ 990/204-1 (ШК) 37 days 480 hours 
ТМ 990/204-2 (8K) 34 days 240 hours 
ТМ 990/204-3 (16K) 30 days 120 hours 


Operating Temperature Range: 0 deg С to 70 deg С 
Physical Characteristics: 
Width: 11 inches (279.4 mm) 
Height: 71 inches (190.5 mm) 


Board Thickness: 0.062 inch (1.574 mm) 
Component Height: 0.40 inch (10.16 mm) 


ORDERING INFORMATION All boards include the battery backup feature 
ТМ 990/204-1 RAM expansion board populated with 4K bytes CMOS RAM 


TM 990/204-2 RAM expansion board populated with 8K bytes CMOS RAM 
TM 990/201-3 RAM expansion board populated with 16K bytes CMOS RAM 
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SECTION 4 


PERIPHERALS AND INPUT/OUTPUT INTERFACE MODULES (300 SERIES) 
4.1 GENERAL 


The TM 990/3XX series of modules consists of peripherals and input/output 
interfaces. A peripheral device can be considered as a device or unit 
operating outside of the mainframe of a computer but connected to it. 
Terminals, tape recorders, and floppy disks are typical examples of peripheral 
devices. Input/output (1/0) interfaces allow communications between the CPU 
and the outside world. In industrial applications, the CPU reads sensors via 
input modules and provides the control via output modules. 1/0 interfaces 
generally fall into three broad classifications: digital 1/0 modules, 
industrial I/0 modules, and analog 1/0 modules. This section provides ап 
introduction to both peripherals and input/output interfaces, using the 
following modules: 


e ТМ 990/301 Microterminal 

ө TM 990/303A Floppy Dise Controller 

e TM 990/305 Combination Memory and I/0 Expansion Module 
e TM 990/306 Speech Module 

e TM 990/307 Communication Expander 

e TM 990/308 Industrial Communieation Module 
e TM 990/310 I/O Expansion Module 

e ТМ 990/311 Buffered I/0 Module 

e TM 990/314 IEEE-488 Interface Module 

e TM 990/1240R Analog Input Module 

e TM 990/1241S Analog Input/Output Module 

e ТМ 990/125 1R Analog Input/Output Module 

e TM 990/1213 Analog Output Module 

e TM 990/5MT Series Industrial I/0 Modules 


4.2 PERIPHERALS 


Texas Instruments provides a variety of terminals that satisfy a wide range of 
application needs. The CPU modules provide both teletype and EIA RS-232-C 
interfaces. Appendix A shows the wiring configuration required to connect a 
Teletype Model 3320/5JE іп a 20 mA current loop with а ТМ 990/100MA. Appendix 
B shows the wiring for RS-232-C cabling between a TM 990/100MA and a KSR 743 
data terminal. The TM 990/307 Communication Expander Module provides 
interface to one to four terminals or modules. The TM 990/301 microterminal 
is a low-cost microterminal designed to interface with the TM 990 series of 
CPU modules. The microterminal allows the programmer to enter, examine, change 
(if necessary), and execute programs entered in hexadecimal. The TM 990/303A 
is a floppy-disk controller capable of controlling Shugart, Qume, and CDC disk 
drives. The TM 990/308 allows communication between as many as 32 separate 
systems over a twisted pair. 


4.3 INPUT/OUTPUT EXPANSION MODULES 


The TM 990/310 and TM 990/311 are a digital І/0 modules that are compatible 
with all TM 990 family CPU modules. These I/O modules provide a maximum 1/0 
capability of 48 1/0 ports, programmable as either inputs or outputs. The 1/0 
ports аге also compatible with those on the CPU. 
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The TM 990/305 is a combination memory and input/output expansion module. The 
1М 990/305 has a memory capacity of 32K bytes. This module has 16 parallel 
input lines (Port 1) and 16 parallel input/output lines (Port 0) that can be 
configured as either inputs or outputs. All I/O lines are optically isolated 
and interface through the Communications Register Unit (CRU). 


The IM 990/306 is speech module which can generate synthesized speech under 


software control. It contains a fixed vocabulary of 179 words which can be 
customized by adding custom words stored on EPROM. 


The TM 990/1240 series of analog modules provides a wide range of analog 
input/output capability including such features as programmable gain 
amplifiers, current loop input/output, and 12-bit resolution. 


The IM 990/5MT series of Industrial 1/0 Modules is a family of optically 
isolated industrially hardened, digital interfaces including both DC and AC 


input and output modules. A mounting base provides screw terminations for 
field wiring. 


4.4 PERIPHERALS AND 
INPUT/OUTPUT MODULES 
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4.4.1 ТМ 990/301 Microterminal 


A TEXAS INSTRUMENTS | 


Microterminal 
TM 990/301 


The TM 990/301 is а microterminal designed to interface with the TM 990 series 
of microcomputer modules. The microterminal's communications link to the TM 
990 CPU module is via the EIA type cable and the serial terminal interface. 
The IM 990/301 performs the front panel functions of the microcomputer system, 
giving the programmer the ability to display and change register and memory 
information. This low cost terminal offers the capability to enter short 
programs in hexadecimal or alter a section of a longer sequence. 


FEATURES 

® Hexadecimal pushbutton keyboard 

ө 4 digit hexadecimal display of address and data 

e Register, memory, ог CRU display and entry keys 

ө Execution, single instruction and conversion keys 

€ Operations under TIBUG monitor 
OPERATION 
The TM 990/301 operates under control of the TM 990/401 TIBUG monitor. The 
data rate utilized is 110 baud. Once the CPU board is initialized, depressing 
the clear (CLR) key transfers TIBUG monitor control to the microterminal. The 
TIBUG software will enter a wait routine unless performing a function 


defined by the microterminal. Depressing the run (RUN) key will cause the CPU 
module to begin program execution and it will ignore other key depressions 
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until the halt (HALT/SIE) key is depressed. If the CPU is halted, depression 
of the single instruction execution key (HALT/SIE) causes execution of the 


next instruction. 


The display of the microterminal is divided into two 4 hexadecimal digit 


banks. 


The left bank displays address register information and the right bank 


displays data registers. 


KEY 
CLR 


RUN 


HALT/SIE 


0-Е 


ЕРС 


DPC 


EST 


DST 


EWP 


DWP 


EMA 


EMD 


EMDI 


FUNCTION 
Clear--blank all displays--initialize software 


Вип--ТМ 990 CPU begins program execution "RUN" is displayed in data 
digits 


Halt/Single Instruction Execution--If in run mode, halts CPU 
execution--address of next instruction displayed in address digits. 
If CPU is halted, one single instruction will be executed. Address 
display indicates address of next instruction data display 
indicates contents of that location. 


Hexadecimal digits (0-15)--data entry. F/- also indicates negative. 


Enter Program Counter--Enter 4 digits, key depression alters active 
program counter, data display indicates entered value. 


Display Program Counter--Active PC register indicated in data 
display. 


Enter Status Register--Enter 4 digits--key depression alters active 
status register, data display indicates entered value. 


Display Status Register--Active status register indicated in data 
display. 


Enter Workspace Pointer--Enter 4 digits--key depression alters 
active workspace pointer--data display indicates entered value. 


Display Workspace Pointer--Active WP indicated in data displayed. 


Enter Memory Address--Enter 4 digits--key depression will shift 
display of digit from data display to address display. Contents of 
the new memory address will then be indicated in the data display. 


Enter Memory Data--After EMA function has been executed, enter 4 
digits--the data display indicates the new data--key depression 
alters the data at the displayed memory address. 


Enter Memory Data/Increment--Functions the same as EMD--after key 
depression of EMDI and data update the address display will 
automatically increment by 2 and the new address! contents will be 
indicated by the data display. To increment the address register 
without altering data contents, depress EMDI key without entering 
new digit information. 
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DCRU 


ECRU 


рН 


ЗРЕСТЕТСАТТ 


Display: 
8 digit 


Display CRU Data--Enter 4 digits--the first digit specifies the CRU 
bit count; the remaining 3 digits specify the CRU address. Key 
depression shifts the entered digits to the address display and 
indicates the contents of that address in the data display. All 16 
bits will be displayed. 


Enter CRU Data--After DCRU function has been executed, enter 4 
digits--the new data is now indicated by the data display--key 
depression alters the data at the specified CRU address--only the 
number of bits specified will be altered. 


Hexadecimal to Decimal Conversion--Enter 4 digits--key depression 
will indicate the decimal equivalent in rightmost display digits. 


Decimal to Hexadecimal Conversion--Enter 6 digits--the first 
digit designates the sign (F/ = negative, 0 = positive) the 
remaining 5 are decimal data--key depression displays hexadecimal 
equivalent in 4 right digits. 


ONS 


hexadecimal display 


4 left digits indicate address register 


4 digit 


Keyboard 
16 data 
16 func 
8 keys 


Interface: 
/HALT 
TERMINA 
TERMINA 
+12V 
GND 
-12V 
+5V 


Power requi 
+5V + 
+12V + 
-12 + 


в indicate data register 


keys 
tion keys 
not connected 


Serial Asynchronous Interface--Signals Include 


L DATA IN 
L DATA OUT 


rements (supplied through cable): 
3% 6 150 mA 
3% @ 50 mA 
3% @ 20 mA 


Operating Temperature Range: 
0 deg С to 50 deg С 


Physical Characteristics: 


Width: 
Height: 


3.2 inches (81.28 mm) 
5.8 inches (147.32 mm) 


Thickness: 1.38 inches (35.052 mm) 
Cable Length: 6 ft. (1.828 M) 


Ordering Information 
ТМ 990/301 Microterminal compatible with all TM 990 series 


microcomputer modules. 
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4.4.2 ТМ 990/305 COMBINATION MEMORY AND I/O EXPANSION MODULE 


The TM 990/305 is a combination memory and input/output expansion module. This 
module can comprehend a 16-bit address, as used in a TM 990/10X system, or a 
20-bit address, as used in a system utilizing a memory-mapping CPU. The ТМ 
990/305 has a memory capacity of 32K bytes. This module has 16 parallel input 
lines (Port 1) and 16 parallel input/output lines (Port 0) that can be 
configured as either inputs or outputs. All 1/0 lines are optically isolated 
and interface through the Communications Register Unit (CRU). 


FEATURES: 


Provision for 5MT interface (via TM 990/509 cable) includes 8V supply to 
power 5MT modules 


Designed to fit the TM990/510, 520, 530 card cages 

Designed to interface with the TM 990/10X or ТМ 990/1481 CPU modules 
Jumper/wirewrap decoder for easy memory map configuration 

Memory capacity of 32K bytes 

16 optically isolated parallel input lines 

16 optically isolated parallel input/output lines 

16 or 20-bit address handling capability. 

2 positive and two negative edge triggered and latched interrupts 


500 volts input to output isolation 
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OPERATION 


The TM 990/305 combination memory and optically coupled input/output expansion 
module is implemented using the TM 990 printed circuit format. This module 
сап comprehend a 16-bit address, аз used in а TM 990/10Х system, or a 20-bit 
address as used in a system utilizing memory-mapping CPU. Not only does the 
TM 990/305 have a 32K byte memory capacity, but its memory configuration is 
significantly enhanced by allowing the use of either static RAM or EPROM in 
each of the memory sockets. 


INPUT/OUTPUT 


This module has 16 parallel input lines (port 1) and 16 parallel input/output 
lines (port 0) that can be individually configured as either inputs or 
outputs. All I/O lines аге optically isolated and interface through the 
Communications Register Unit (CRU). Each input line of port 0 and port 1 has 
its own socketed resistor to allow the user to easily reconfigure the module 
for voltages up to 30 volts. Lines 0 through 3 and line 15 of port 1 can be 
configured as either inputs or interrupts by selecting the proper jumper 
option. Line 15 could be used to wire-OR interrupts 0 through 3 if the user 
desires a board interrupt. Interrupts are edge-triggered and latched. 


Port 0 functions in much the same manner as port 1 with the exception that the 
lines can be used as inputs or outputs. When a line is to be configured as a 
latched output, its individual .line resistor must be removed from its socket. 
By using high current, open-collector devices in port 0, output currents of 30 
mA are permitted. Ifa line is to be used as an input, the optical isolator 
in its output section should be removed from its socket. The typical port 
schematic is shown in Figure 4-1, 


INPUT CIRCUIT 1/0 PORT 


OUTPUT CIRCUIT 


FIGURE 4-1. ТМ 990/305 TYPICAL PORT SCHEMATIC 
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MEMORY 


The TM 990/305 module is shipped with 8 non-populated 24 pin-sockets for 
memory placement in order to be the most flexible for the user. Memory 
expansion is provided using either TMS 2516 EPROM, TMS 2532 EPROM, or TMS 4016 
2K x 8 static RAM memory devices. Selection of up to three wait states are 
jumper selectable to accommodate the use of slower memories. It should be 
noted that the wait state jumper controls all memory devices on the module. 
The number of wait states required is determined by the slowest device on the 
module. 


Jumper options are available to disable the memory (I/O use only), enable the 
memory for use with the TM 990/100MA or TM 990/101MA, or enable the memory for 
use with 20-bit memory mapping CPU modules. For memory-mapped systems 
requiring more than 64K bytes, a four position switch is provided to decode 
the ! high order address bits. In order for the user to get maximum use from 
his software, page boundaries are in ЦК byte increments. Page lines are 
brought out to a jumper/wire-wrap area to be configured by the user as 
desired. 


I/O ADDRESSING 


The TM 990/305 module I/0 is addressed via the dedicated CRU interface over 
the system bus connector. Each 1/0 bit can be addressed individually or in 
blocks of up to 16 bits at a time. Maximum flexibility is provided by 
allowing the user to switch the CRU base address in the range о? 000016 to 
ОЕЕО 16. The relative CRU input and output functions are listed in Tables 4-1 


апа 4-2. 
SOFTWARE 


BASE 
ADDRESS 

OUTPUT PORT O 
INTERRUPT RESETS 


0016 


2016 


SOFTWARE 
BASE 
UNDEFINED 
0016 


INPUT PORT O 


PORT 1 BITS 0-3/ 
INTERRUPTS 0-3 


PORT 1 BITS 4-14 


PORT 1 BIT 15/ 
BOARD INTERRUPT 


2016 


2816 


3E16 


TABLE 4-1. INPUT CRU MAP 


3016 


INTERRUPT MASKS 
STATUS LEDS 
BOARD I/O RESET 


BOARD INTERRUPT 
RESET 


3816 


316 


3E16 


TABLE 4-2. OUTPUT CRU MAP 


OPTIONS 


Port 0 is equipped with four socketed SN7406 inverting buffers which drive the 
output lines. When using 5MT 1/0 modules, it may be desirable to replace the 
buffers with SN7407 non-inverting buffers so the 5MT output lines will set to 
logic "0" upon power up and subsequent assertion of IORST-. The output lines 
are supplied with sockets so the user may install the required pull-up 
resistors for 5МТ interface. 


SPECIFICATIONS 


Memory Options (user populated): 
16K bytes of 2K x 8 static RAM (TMS 4016) 
16K bytes of EPROM (TMS 2516) or 32K bytes of EPROM (TMS 2532) or 
combinations thereof. 


Input/Output: 
Port 0 - 16 lines hardware configurable as inputs or latched outputs 
Port 1 - 16 dedicated input lines; 4 lines jumper selectable as 
interrupts; 1 line jumper selectable as board interrupt 


Input Power Range (TIL 117): 
Standard line resistor 3.8-8.5V, 12-34 ma 
User-supplied line resistor 3.3-30V, 12-34 mA 


Output Power Range: 


TIL Option (TIL 117) O.4V, 2 mA; Ісео = 30V 
Current Option (TIL 119) 1.0V, 30 mA; Iceo = 30V 
Interrupts: 


2 positive edge-triggered, latched interrupts 
2 negative edge-triggered, latched interrupts 


Power Requirements (typical): 
+5V + 32 8 .7 A (no memory) to 1.5 A 
+12V + 3% @ 600 mA if 5MT interface cable (TM 990/509) is used 


Operating Temperature Range: 
0 deg C to 70 deg C 


Physical Characteristics: 
Width: 11 inches (279.4 mm) 
Height: 7% inches (190.5 mm) 
Board Thickness: 0.062 inch (1.574 mm) 


Ordering Information: 


ТМ 990/305 Combination memory and 1/0 module with eight 24 pin 
sockets for user supplied memory & sockets for OCI 
devices (board populated with 16 TIL 117 inputs at 
port 0 and 4 TIL 119 outputs at port 0) 


4.4.3 ТМ 990/310 I/O EXPANSION MODULE 
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The TM 990/310 is a fully assembled, fully tested, input/output expansion 
module compatible with all ТМ 990 family microcomputer modules. The ТМ 
990/310 offers a maximum I/O expansion capability of 48 I/O points, 
programmable as either inputs or outputs. 
FEATURES 

ө Compatible with the TM 990 microcomputer module CRU bus 

e Designed to fit the TM 990/510, 520, 530 card cages 

ө Inputs/outputs аге TIL-compatible 


€ May be used with solder, wire wrap, or ribbon cable edge connectors 


e Up to 27 1/0 lines may be programmed as prioritized, unlatched 
interrupts 


© Three (+) and three (-) edge-triggered and latched, prioritized 
interrupt inputs are provided ( in addition to 48 1/0 lines) 


ө Contains three real-time clocks (or event timers) 


e I/O lines are provided with echo-back feature. 
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OPERATION 


The TM 990/310 input/output expansion module is implemented using the TM 990 
printed circuit format. The ТМ 990/310 uses three TMS 9901 LSI programmable 
systems interface chips to control I/0. The extreme versatility and low cost 
of the TM 990/310 module makes it usable in a wide variety of I/0 
applications. Inputs and outputs may be mixed in any proportion, and any 
number of interrupts may be utilized, up to a maximum of 33. The interrupt 
priority encoding scheme also permits use of the module as an interrupt 
expander for the ІМ 990/100MA microcomputer family. 


The TM 990/310 expansion module contains three 1/0 logic groups, each of which 
interfaces to separate connectors with 16 I/O lines as shown in Figure 4-2. 
(Signal and ground are routed for each I/0 line, and each line is equipped 
with pullup resistors.) Each І/0 group may be programmed as 16 inputs, 16 
outputs, nine interrupts, or any combination thereof. Each of the output 
lines is equipped with an echo back feature which enables the user to read 
back each bit as it is written to a given output point. In addition, each 
connector contains a "rising edge" detect interrupt input and a "falling edge" 


detect interrupt input, along with «5 volts, +12 volts, and -12 volts power 
supply connections. 


Wee 


PULLUP 
RESISTORS 


GROUP 1 
BUFFERS 
(INPUT/ 
INTERRUPT) 


EDGE 
DETECT 
LATCHES 


INTERRUPT 
PRIORITY 
LOGIC 


ТМ 990 


BUS 
CONNECTOR 


L| INTERRUPT 


PULLUP 
RESISTORS 


GROUP 2 
BUFFERS 
(INPUT/ 
OUTPUT/ 
INTERRUPT) 


CRU 
INTERFACE 
OGIC 


1/0 
CONNECTOR 
(40 PIN) 


PULLUP 
RESISTORS 


GROUP 3 
BUFFERS 

(ІМРІУТ/ 
OUTPUT) 


FIGURE 4-2. ТМ 990/310 EXPANSION MODULE, 16 1/0 LINES, 
LOGIC GROUP BLOCK DIAGRAM 
(ONE OF THREE GROUPS) 
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ADDRESSING 


The TM 990/310 I/O expansion module is addressed via the dedicated CRU 
interface over the system bus connector. Each 1/0 bit can be addressed 
individually; or up to 16-bit parallel ports can be addressed. Each 16-bit 
1/0 line logic group has an addressing block of 64 bits, and each group can be 
Stacked back to back. Each connector appears exactly the same; the functions 
and relative addresses for one TM 990/310 are shown below in Figure 4-3. The 
CRU address map permits addressing of 4K individual addresses. Any CRU bit 


beginning with 10016 can be addressed; the first FFG bits are dedicated to 
the microcomputer module. 


FUNCTION 


CONNECTOR 
P2 


CONNECTOR 
P3 


RELATIVE ADDRESS 


CONNECTOR 
P4 


FIGURE 4-3. CRU ADDRESS MAP 


SPECIFICATIONS 


Input/Output: 48 bits programmed as inputs, outputs, or up to 27 unlatched 
interrupts. 


Interrupts: 
33 maximum, six are (+) or (-) edge-detect latches; output of priority 
encoders may be jumpered to three levels of the 15 external TM 990 
interrupt levels. 


Interval Timers: Three 14-bit timers with resolution of 21.3 microseconds and 
maximum interval of 349 microseconds (for 3 MHz REF clock) 


Level Inputs: 
High level input voltage: 2.0 volts, minimum 
Low level input voltage: 0.8 volt, maximum 
Absolute maximum input voltage: -0.3 to +7.0 volts 
Input current: -1.01 mA maximum 8 0.4V 
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Edge Detect Interrupts: 
Positive-going threshold voltage: 
Negative-going threshold voltage: 
Hysteresis: 0.8 volt, typical 

0.4 volt, minimum 
Absolute maximum input voltage: 
High Level Input Current: 
Low Level Input Current: 


Outputs: 
High Level Output Voltage 
2.4 volts, minimum at -300 uA 
2.0 volts, minimum at -460 uA 
Low Level Output Voltage: 
0.56 volt, maximum at 2.3 mA 


I/0 Connectors: 


100 pin, 0.125 in. cc 


40 Pin (3), 0.100 in. oc 


Power Requirements (typical): 
+5 volts «3$ 800 mA 


Temperature Range: 
Operating: 0 deg С to 70 deg С 
Storage: -65 deg C to 150 deg C 


Physical Characteristics: 


1.9 volts, maximum 


0.5 volts, minimum 


-0.3 to +7.0 volts 
-1.22 mA, maximum at 2.7 volts 
-2.72 mA, 


maximum at 0.4 volt 


TI H431111-50 (wire wrap) 
ТІ H431121-50 (solder tail) 


ТІ H421111-20 (wire wrap) 

TI H421121-20 (solder tail) 

3M 3464-0001 (no ears) $ 
Viking 3VH20/1JN5 (pierced tail) 


Width: 11 inches (279.4 mm) 
Height: TX inches (190.5 mm) 
Board thickness: 0.062 inch (1.574 mm) 
Component Height: 0.5 inch (12.7 mm) 


Ordering Information: 


TM 990/310 48-bit, I/O Expansion Module 
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The TM 990/1240 series of analog I/O subsystems are compatible with the TM 
990/100MA and the TM 990/101MA CPU modules. 
address bus connections to the microcomputer are made by simply plugging the 


board into the computer card cage. The analog signals connect at the opposite 


ANALOG DEVICES ANALOG I/0 SUBSYSTEMS 


ЫЛ 


1A/SHA 
SOFTWARE 
PROGRAMMABLE 


+ 
a 
E 
E 
2 
5 
2 


[Ne vr 


ІШІШІ 


board edge from the digital bus connector. 


FEATURES 


@ Memory mapped 1/0 interface 


12 bit resolution and accuracy 

Single +5V power 

256 input channel expansion capability (TM 990/1240, /1241) 
Input overvoltage protection 

Software or resistor programmable input gain (TM 990/1241 only) 


Interrupt operation capability 


Latched, open collector, high current logic drivers (IM 990/1243) 


8 analog output channels (TM 990/1243) 
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All data bus, control bus and 


ТМ 990/1240 SERIES ANALOG INPUT SUBSYSTEM 


The basic function of the TM 990/1240 series is to convert analog signals to 
digital form. An input analog multiplexer (MUX) provides overvoltage 
protection with an option for either resistor or software programmable gain. 
The 12-bit A/D converter and associated digital interface logic is shown in 
Figure 4-4, 

DAC 1 OUTPUTS DAC 2 OUTPUTS 


CURRENT 
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BOARD ROTE 
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І 
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cH 
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^ 15 оо 1 INTERRUPT t RTI-1241 ONLY 
! —"R" FOR RESISTOR PROGRAMMABLE 
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FIGURE 4-4. ТМ 990/1240 SERIES BLOCK DIAGRAM 


INPUT MULTIPLEXER 


The ТМ 990/1240 series is available with up to 32 single-ended (or 16 
differential) overvoltage protected input channels on-board and has the 
capacity of off-board expansion to 256 channels using on-board control logic. 
Channels can be randomly selected by the memory map control word. MUX 


channels can be automatically incremented upon receipt of the ADC convert 
command. 


INSTRUMENTATION AMPLIFIER/SAMPLE AND HOLD AMPLIFIER 


Input boards are provided with a single module incorporating an instrumentaion 
amplifier, sample and hold amplifier and analog-to-digital converter. Two 
types of instrumentation amplifiers (IA) meet 12-bit compatible CMRR & CMV 
specifications. One board provides software-programmable gain settings of 1, 
2, 4, or 8 while the other is resistor programmable over the ranges from 10 
mVFS to + 10VFS. The sample and hold amplifier allows sampling of high slew 
rate signals and is automatically switched to the hold mode upon receipt of a 
convert command. 


ANALOG/DIGITAL CONVERTER 


The TM 990/1240 series operates in either transparent mode where the ADC stops 
the CPU during conversion for software simplicity, or various modes of polled 
status programming for the highest data throughput rates. Six ADC input 
ranges and one of three output codes can be selected with wire-wrap jumpers. 


MICROCOMPUTER INTERFACE 


The interface to the TM 990 systems is memory mapped; each board has a base 
address that is jumper selectable from 000X46 to ЕЕЕХ16. Eight 16-bit words 
are reserved to transfer data, status and control as shown in the memory map 
in Figure 4-5. Jumper selectable, optional status words provide flexibility 
during polling to read either ADC data or gain and multiplexer data at the 
same time the status word is read. An under-range bit is available to 
indicate when the signal just converted is small enough to permit a higher 
gain and that a higher gain is still available. 


WORD 
ADDRESS DATA WORD FORMAT WORD NAME 
өне E e ТН Ны == 
„БУ == ЕЕ а] == 
E ae E E ET 
EOC [auto |EXT| 1 اس‎ See E 
+ INT | INC ү] Baal SETUP 
© (ЕЕ ШЕ р ШЕШ КН ТЫШ л меге i AN 
ES ا ا‎ жен 
+8 MPX 
7А CONV CMD 
жс STATUS 
+Е ADC DATA 
¢ Bit is ignored on write; indeterminate on read. 
© Optional status words at base +C address (jumpers selectable) 
- еы ЕЕЕ [з] s 


ve ELLELE e 


FIGURE 4-5. ТМ 990/1240 SERIES ADDRESS МАР 


The TM 990/1241R and TM 990/1241S also include two channels of 12-bit analog 
output. D/A converters on the TM 990/1241 provide up to + 10V analog output, 
wire-wrap jumper selectable in several ranges. A +10V reference for the DAC's 
is located on-board, but the option is provided for an external reference from 
+1V to +10V. 
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By installing jumpers, the DAC's will reset to zero volts upon receiving ар 
IORST- from the CPU. This feature can be used to reduce output transients 
when system power is applied. The output channels include 4-20 mA current 
loops for use in process and industrial control. 


TM 990/1243 ANALOG OUTPUT SUBSYSTEMS 


The TM 990/1243 provides 8 channels of 12-516 analog output whose input code 
and output range is independantly jumper selectable. Each module also 
provides 8 high current, logic driver outputs. The digital outputs are 
software controlled, open collector drivers capable of 300 mA and up to «30V. 
Figure 4-4 shows the block diagram and optional features. A single on-board 
+10V reference provides excellent tracking between channels. Externa 
references of between 41V and «10V can also be used. Тһе DAC's are equipE 
with external load sense to compensate for IR losses. 


The output subsystem provides sockets for RAM's and buffers to allow DAC & 
driver data to be read back to the microcomputer. This feature offer 
additional software flexibility and convenience since it eliminates the пе 
for scratch pad memory or software overhead to store data written to the 
990/1243 DAC's and drivers. The DAC's and logic drivers can be reset by 
IORST- from the CPU module. A standard address шар for the TM 990/1243 i 
shown in Figure 4-6. If the logic drivers are not used, the user may selec 
optional address maps as shown in Figure !-T. 


WORD ADDRESS DATA WORD FORMAT WORD NAME 
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Hc DAC2DATA 
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NOTE: UNUSED ADDRESSES ARE AVAILABLE AS RAM LOCATIONS 
IF READBACK FEATURE IS INSTALLED. 


FIGURE 4-6. STANDARD TM 990/1243 ADDRESS MAP 
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FIGURE 4-7. ТМ 990/1243 OPTIONAL ADDRESS MAP 
SPECIFICATIONS 


ANALOG INPUT (TM 990/1240R, 


Input Channels: 


1241R, 


12415) 


WORD МАМЕ 


32 single-ended, 16 differential (16 single ended for ТМ 990/1240R) 
256 addressable channels with off-board expansion 


Input Range: 
resistor programmable 
software programmable 


Current Loop Inputs: 0-50 mA, 


Input Protection: +(Vec + 20V) 


Switching: Break-Before-Make 


Input Impedance: greater than 


Input Bias Current: 
resistor programmable 
software programmable 


Gain Range: 
resistor programmable 
software programmable 


Common Mode Voltage: 


Common Mode Rejection Ratio (DC to 500 Hz): 


- 10mVFS to +10VFS 
- 0.625 to +10VFS 


0-20 mA 


108 ohms 


- +50 mA maximum 
- +5 mA maximum 


- 1 to 1000 V/V 
= 1, 2, APEB TAM 


+ 10V minimum 


76 dB minimum 


Input Settling Time: 
resistor programmable - 15us maximum (G = 1) 
software programmable - 10us maximum (G= 1 to 8) 
Input Ranges: +5V, +5.12V +10V, +10.24V, +10V, +10.24V 
Resolution: 12 bits 
Conversion Time: 25 us maximum 
Throughput Rate: 40,000 Channels/second 
Output Codes: Binary, Offset Binary, Two's Complement 
Nonlinearity Error: +3LSB typ (+1 LSB maximum) 
Offset & Gain Error: Adjustable to Zero 
Offset Temperature Coefficient: 
resistor programmable - +(1 + 20)uV/deg C (RTI) 
software programmable - +30uV/deg C (RTI) 
Gain Temperature Coefficient: 
resistor programmable - +20ppm of rdg/deg C (RTI) 
software programmable - +25ppm of rdg/deg C (RTI) 
Noise Error: +}LSB maximum 
Overall Error 6 G = 1: +1LSB maximum 
SHA Aperature Delay: 90ns 
SHA Aperature Width: 20ns 
SHA Aperature Uncertainty: 5ns 
ANALOG OUTPUT 
Output Channels: 2 - 1241R, 1241S; 8 - 1243 
Resolution: 12 bits 
Output Ranges (with on board Ref): +5V, +10V, +2.5V, +5V, +10V 
Output Current: +5 mA minimum Ө +10V 
Nonlinearity Error @+10V Ref: +0.01% maximum 
Offset & Gain Error: Adjustable to Zero 
Offset Temperature Coefficient: +15uV/deg C 
Gain Temperature Coefficient: +15ррт 


Settling Time (for 20V step to + 0.01%): 10us 


Input Codes: Binary, Two's Complement, or Offset Binary 
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OTHER OUTPUTS 


ТМ 990/1243: 8 Open-Collector Logic Drivers; 


300 mA sink @ 0.7V; +30V maximum 


ТМ 990/1241R, 1241S: 2 Current Loops, 4-20 mA 


Power 


Supply Voltage Range: +15V to +30V 
Input Voltage Range: OV to +10V 

Offset & Gain Error: Adjustable to Zero 
Offset TC: +0.4uA/ deg C 

Gain TC: +30ppm/ deg C 

Nonlinearity Error: +0.01% maximum 
Settling Time: 50us maximum to 0.02% 


Requirements (typical): 
ТМ 990/1240R 45V + 3% 1 
ТМ 990/1241R +5V + 3% 1. 
ТМ 990/1241S 45V + 34 1. 
ТМ 990/1243 *-5V + 3% 1 


Physical Characteristics: 


Height - 11 inches (279.4 mm) 
Width - 7} inches (190.5 mm) 
Card Spacing - 0.6 inch minimum (15.24 mm) 


Connectors: 


Р1 


P2 


P3 


P4 


P5 


P1 


P2 


P3 


РН 


ТМ 990/1240R, TM 990/1241R, ТМ 990/1241S 


ТМ 990 System Bus: 100 pins (50 to a side), 0.125 inch spacing 
(ТІ H431111-50 or equivalent) 


External Multiplexor Expansion: 20 pins (10 to a side), 0.1 inch 
spacing (ТІ H421121-10 or 3M 3461-0001) 


Analog Input: 50 pins (25 to a side), 0.1 inch spacing 
(Viking 3VH25/1JNS or 3M 3415-0001) 


External Multiplexor Control: 10 pins (5 to a side), 0.1 inch spacing 
(Winchester 53-10-0 or T & B Ansley 609-1015M) 


VAC Output: 20 pins (10 to a side), 0.1 inch spacing 
(ТІ H421121-10 ог 3M 3461-0001) 


TM 990/1243 


T 990 System Bus: 100 pins (50 to a side), 0.125 inch spacing 
(ТІ H43111-50 or equivalent) 


Digital Logic Driven Port: 20 pins (10 to a side), 0.1 inch spacing 
(ТІ H421121-10 or 3M 3461-0001) 


Analog Output: 26 pins (13 to a side), 0.1 inch spacing 
(Analog Device: AC 1559 or 3M 3462-0001) 


External Power: 20 pins (10 to a side), 0.1 inch spacing 
(TI 421121-10 or 3M 3461-0001) 


4-21 


Ordering Information: 


ТМ 990/1240R 


TM 990/1241R 


ТМ 990/1241S 


ТМ 990/1243 


TM 990/528 


16 channel (8 differential) analog input module with 
resistor programmable gain 


32 channel (16 differential) analog input, 2 channel 
analog output module with resistor programmable gain on 


input channels and 20 mA current drivers on analog 
output channels 


32 channel (16 differential) analog input, 2 channel 
analog output module with software programmable gain on 


input channels and 20 mA current drivers on analog 
outputs 


8 channel analog output module with 8 logic outputs 


50 pin connector kit 


NOTE 


Other configurations of the TM 990/1240 series of analog 1/0 modules 
may be obtained by writing to: Analog Devices; Route 1 Industrial Park; 
Box 280; Norwood Park, МА 02062 or calling (617) 329-4700. 
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The 5MT interface system is designed to handle ac or de "input" functions and 
de or ac "output" functions on industrial control applications. It is 
typically used to transfer 120 Vac signals from push buttons, limit switches 
and other Sensing devices to de logic levels and to operate 120 Vac pilot 
control loads from de logic command signals. The system offers a convenient 
plug-in packaging concept which facilitates installation and maintenance and 
is suited for use on machine tools, process control systems, material handling 
equipment, and other industrial applications where operating conditions, both 
electrical and physical, may be severe. Both the input and output modules are 
solid state and optically isolated. Internal protection against harmful 
voltage transients and RFI noise is provided in the system to eliminate the 
need for external filters, clippers, or suppressors. The modules plug in to 
the TM 990/5MT43 mounting base and are secured tightly to it by a hold down 
Screw on the modules. The mounting base will accomodate up to 16 modules. 


FEATURES 
ө Designed for industrial applications 
€ Individual plug-in modules 
o Prewired mounting base 
€ Optical coupled isolation 
е One I/O point per module 
e LED status indicator 
е Input and output modules 
ө Compatible with TM 990/100MA, 101МА, 305, 310 
ө AC, DC modules 


е 1500 V isolation between input and output 
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Practical features of the plug-in 5MT system include indicator lights on all 
modules, color-coded marking, integral output module heat sinks, input and 
output device interchangeability, and reduced installation costs over devices 
requiring four individually wired connections. No special training or 
equipment is needed for fast, efficient maintenance, thereby reducing down 
time and expense in the event of a malfunction. 


INDUSTRIAL CAPABILITY 


5MT series interface modules are designed to operate in rough industrial 
environments where RFI noise and voltage transient conditions may be severe. 
Output modules contain 400V triacs which were developed by Texas Instruments 
specifically for industrial use. They have excellent dv/dt capability and are 
conservatively rated to provide optimum long-term performance and require no 
dv/dt protection. Interference generated by the 5MT system is negligible 
making it ideally suited for use with numerical control, computers, 
programmable controllers, integrated circuits, and other types of de logic. 
All units have highly reliable optical coupler isolation and circuitry which 
has been proven effective on many actual field installations. Packaging is 
rugged and practical and provides the interface accessibility preferred by 
most industrial end users. 


APPLICATION FLEXIBILITY 


The 5MT system is suitable for use in virtually all control applications which 
combine 110/120 Vac sensing and pilot control voltage with 5-28 Vde logic. А 
general purpose ac/dc input module which sinks up to 200 mA is available. 
Output modules have full range 5-28 Vde input voltage capability and may be 
controlled by logical "1" voltages from TTL logic. Individual de ground 
connections to each module permit mixed de voltages on a single-mounting base. 
Input and output modules may be mixed in a single mounting base. Interlock 
pins, supplied with the bases, may be used to prevent incorrect placement of 
modules. 


EASY INSTALLATION 


The plug-in mounting concept of the 5MT system facilitates installation and 
reduces cost over four-terminal, hard-wired devices. One screw-terminal 
connection is made to the mounting base for each individual module and all 
remaining connections are made via pin terminals. Each module has ac line and 
common supplied from lug terminal connections made to the mounting base, and 
de terminations are made by means of a plug connector as shown in Figures 4-8 
to 4-10. Standard connectors offered are suitable for crimp solder or 
міге-нгар connections. 


Convenient to use and maintain when in use, 5MT series interface modules can 
be easily monitored and maintained by regular electrical maintenance 
personnel. Color-coded markings (blue for ac/dc inputs and red for ас/ас 
outputs) give visual identification of function and LED signal lights indicate 
de circuit energization. Conventional test equipment can be used on ac 
terminals to provide complete operational checks on each installed device. 
Modules may be added or removed individually and replacement can be made 
quickly without requiring the removal and reconnection of terminal wires. The 
pins on each package are located so as to eliminate the possibility of 
improper field installation. 
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INTERFACING 


The 5MT series of modules may be interfaced to any of the parallel data ports 
(TMS 9901) on the 10X series or may be used with the TM 990/305 or TM 990/310 
I/O expansion modules. 


The TM 990/507 cable provides the interface between the TM 990/5MT43 mounting 
base and any of the following: TM 990/100MA, 101MA, 180M, and 310. The user 
must supply an external voltage of 6-9 volts de to the base (.6A max at 8 
Vde). Figure 4-11 shows a diagram of a typical system configuration using a TM 
990/507 cable. 


The user should note that a system 1/0 reset causes all TMS 9901 outputs to 
revert to the input state; this will eause 5MT output modules to turn on. If 
this is unacceptable the user may provide a software power up initialization 
routine, or use the TM 990/305, TM 990/509 interface. 


The TM 990/509 cable provides an interface to the TM 990/5MT43 mounting base 
for the TM 990/305 I/O module. This cable may be used on port 0 only (the 
input/output port) for up to 16 5MT interface modules per 1/0 board. The TM 
990/305 module provides 8V 6 0.64 to the TM 990/5MT43 mounting base through 
the TM990/509 cable. ТМ 990/305 options allow 1/0 reset to turn the outputs 
either on or off, depending on the application requirements. Note that the TM 
990/305 generates the «8 volts by regulating from the «12V line and the TM 
990/305 +12 V requirement will increase approximately 40 mA per TM 990/5MT I/O 
module connected. : 
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FIGURE 4-8. TM 990/5MT MODULE DIAGRAMS 
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FIGURE 4-9. ТМ 990/5MT MODULE CONNECTIONS 
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CUMS а 


FIGURE 4-10. ТМ 990/5MT I/O MODULES 


[ Voltage 1] Current | 


MODULE SELECTION TABLE 


Catalog No. Type of Device 


ТМ 990/5MT 1A05L AC Input 90-132 VAC 35 mA Max 
TM 990/5MT1EO5L AC Input 11-28 VAC 18 mA Max 
TM 990/5MT240AL AC Output 90-132 VAC ЗА Max 
TM 990/5MT240EL AC Output 11-28 VAC 3 A Max 
TM 990/5MT3D03L DC Input 3-28 VDC 30 mA Max 
TM 990/5MT430CL DC Output 10-28 VDC 1A 


TM 990/5MT43 Mounting Base Holds up to 16 modules 


NOTE 


TM 990/5MT modules are available in OEM prices from Texas Instruments 
Incorporated, Industrial Controls Marketing, P.O. Box DROVER 1255, 
Irving Hwy., Johnson City, TN 37601. 

GENERAL PERFORMANCE CHARACTERISTICS 


ө Power requirements: 6-9 Vde 
(With 8 Vde applied and 16 modules used, the maximum current is 0.6A) 


€ Operating temperature range: 0-60 C 
€ Dielectric isolation: 1500 V 

ө Clearance voltage: 600 V 

e Design life: 100 X 106 operations 

ө Output triac rated 400 V 


ө TM 990/5MT43 mounting base dimensions (with modules): 19 x 34 x 3-5/16 
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FIGURE 4-11. PROGRAMMABLE CONTROL SYSTEM 
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Power Application From TM 990/100MA 


The ТМ 990/100MA microcomputer module can supply the +8Vde to the ТМ 990/5MT43 
mounting base with the installation of an 8 volt regulator in the prototyping 
area. Figure 4-12 shows the schematic and Table 4-3 shows the parts list. The 
pigtail wire on the TM 990/507 cable will need to be extended; it can then be 
attached to the ТМ 990/100MA board with a machine screw and a fiber washer to 
keep the screw from contacting any circuit traces. 


CR33 
IN914B 


VRI 
HA7808 


+12V 


TM 990/ 1004 


FIGURE 4-12. POWER SCHEMATIC 


TABLE 4-3. PARTS LIST 


22 mfd, 10%, 35V QPL-M39003/ 1-23 
0.1 mfd, 102, 50V ОРІ.-М39014/01-1 


1N914B Texas Instruments 
uA 7808 Texas Instruments 
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4.4.6 ТМ 990/303A FLOPPY DISK CONTROLLER 


The TM 990/303A floppy disk controller module is a bus compatible member of 
the TM 990 product family. Figure 4-13 is a block diagram of the board. This 
board provides a controlling interface between a microcomputer such as the ТМ 
990/101MA and the following disk drives: 


e Shuggart model SA 400 (mini) 

ө Shuggart model SA 800 (standard) 

ө Control Data model CDC 9404B (standard) 
ө Qume DT8 (standard double sided) 


The TM 990/303A can be used with either the TM 990/100MA or TM 990/101MA 
board. DMA сап be accomplished directly with the ТМ 990/101MA board or with 
any expansion memory board. 
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DMA 
CONTROLLER 


SYSTEM ADDRESS DATA CONTROL 
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SYSTEM SYSTEM SYSTEM SYSTEM 
CRU ADDRESS DATA CONTROL 
BUS BUS BUS SIGNALS 


FIGURE 4-13. ТМ 990/3034 BLOCK DIAGRAM 


FEATURES 
ө Formats supported (soft-sectored): 
-IBM single density 
-IBM double density 
-ТІ single density FD800(currently used on the FS 990/4 апа 
AMPL systems) 
-TI Digital Systems Group (DSG) double density format 
ө Disk sizes: Standard or mini 
ө Disk sides: Single or double (with бише 07/8) 
ө Number of disk drives (daisy chained): Four maximum standard size 
or three maximum for mini size 
o Recording methods: 
-single density frequency modulation (FM) 
-double density modified frequency modulation(MFM) 
ө Data structure: 


-TI FS 990 compatible 
-IBM 3740 compatible 
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ө System interface: 
-CRU (controller initialization) 
-DMA transfer (data and commands) 


ө Three LED's indicate controller status 

ө Bootstrap load features can be used to initialize system from 
diskette 

e Controller firmware (see below) provided on two TMS 2716's 


(2K words); controller firmware EPROM space expandable to 
4K words by using two TMS 2532's 


e DMA data transfer 

ө 20-bit host memory addressing 
е Read after write 

ө Disk command chaining 


Software on the controller includes the following features: 


ө Seventeen commands including controller self test, read and write 
to/from diskette, read to and write from controller/RAM, bootstrap 
load from diskette software, format diskette, execute program in 
controller memory, and read status of specified drive. 


ө Command completion interrupt to host (interrupt level jumper sel- 
ectable); completion status reported to host. 


ө Controller initialization through interrupt via CRU 


TYPICAL SYSTEM CONFIGURATION 


In Figure 4-14 the TM 990/303A board is included in a card cage with a TM 
990/101MA microcomputer and a TM 990/201 memory expansion board. The system 
terminal connects to P2 of the microcomputer board. Two standard-sized floppy 
disk drives are connected to the floppy controller by a TM 990/527 cable; if a 
full four-drive standard-size capability is desired, the user can provide his 
own cable. (Up to three model 400 mini-sized floppy drives can be connected 


in a system using model 400 drives; these can be connected using the TM 
990/535 cable.) 


Note that the disk drives are "daisy-chained"; that is, they are connected by 
a single cable having connectors for each disk unit. 


In a typical system, the bootstrap load feature of the TM 990/303A would be 
used to load into the host RAM the routines to initialize the system. An 
initial load routine would be used to bring in other system tasks from the 
diskette to host RAM. These routines could include a file manager, device 
service routines to driver peripherals, as well as other system software re- 
quirements. The disk controller could then cause execution of a task in host 
memory that would start dedicated system functions. 
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ТМ 990/510 CARD CAGE 
ТМ 990/101МА MICROCOMPUTER 
TM 990/303A 


MODLE 800 
DISK DRIVE 


COLORED STRIPE 
TM 990/527 CABLE 


FIGURE 4-14 TYPICAL SYSTEM CONFIGURATION USING TWO MODEL 800 DISK DRIVES 


BOOTSTRAP LOAD OPTION 

The bootstrap load feature allows the initialization of the system by 
executing a specified command list (usually a READ) placed on the disk by the 
user. The bootstrap load causes the controller to search for and excute a 


Command List in the diskette (which has been formatted accordingly by the 
user) located at the first sector of track 00 on disk unit 0 (DS1). 


The bootstrap load feature may only be used with single density format (128 
bytes/sector) or TI double density (288 bytes/sector). 


SPECIFICATIONS 
Interface: CRU or DMA 


Power Requirements (typical): 


+5V + 3$ @ 2.1 А 
+12\ + 34 @ 0.1 A 
-12V + 34 8 0.04 А 
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Disk Drive DC Power: 


+ 5 Vde +12 Vde +24 Vde 


EH CNET HET ECT ent 


SA400 
SA 800 
CDC9HONB 
QUME DT/8 


Temperature Range: 


Operating: 0 deg C to 70 deg C 
Storage: -40 deg С to 100 deg с 


Physical Characteristics: 
Width: 11 inches (279.4 mm) 
Height: 7} inches (190.5 mm) 
Board Thickness: 0.062 inch (1.574 mm) 
Interrupts: Jumper selectable-levels 1 through 8 
OPTIONAL ACCESSORIES 
TM 990/425 Demo Software 
TM 990/527 Dual Standard Floppy Cable 
TM 990/535 Mini Floppy Interface Cable 
TM 990/425 DEMONSTRATION SOFTWARE 


Figure 4-14 is a typical system configuration for interacting with the demo 
software. The TM 990/425 software package which comes on two TMS 2716 EPROM's 
plugs into the 101MA board. Features include: 


ө Position independent software. 

ө Prompts the operator through help commands 

ө Formats the diskette to the specification 

ө Сап issue 17 different commands to the controller, read a record 


from a sector, write a record to the sector, bootstrap load, 
read ID at a specified track, etc. 


ө Ability to build up to 10 commands prior to issuing them to the 
controller 

ө Memory-to-memory block transfer 

ө Initialize RAM with a pattern 

ө Memory-to-memory data compare 

ө Report errors to the terminal 


4-33 


4.4.7 TM 990/306 SPEECH MODULE 


The TM 990/306 is a bus-compatible member of the TM 990 product family capable 
of generating speech from a self-contained data set. The module contains a 
fixed vocabulary from which the user may construct phrases or sentences. The 
module has been especially designed to operate in noisy industrial 
environments such as found on assembly lines, stockrooms, etc. A block diagram 
of the speech module is shown in Figure 4-15. 


FEATURES 
ө Compatible with the ТМ 990 microcomputer module CRU bus 


е Designed to fit the TM 990/510, 520, 530 card cages 


ө Inputs/Outputs аге TTL-compatible 

ө Contains ап interval timer accessible through the CRU bus 
ө Self-contained word vocabulary 

ө On-board amplifier drives ап 8-ohm speaker to 1 watt 

ө Preamplifier outputs for user-supplied amplifier system 
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CRU interrupt or polled-status operation 
Data set in TMS 2716 EPROM's 


External system interface allows stand-alone operation 


TMS 1099 — 4-BIT CPU 
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ARRAY 


ANALOG 

же pou 
ANALOG 
SWITCH 


| 4-BIT LATCH 
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ADDRESS 
DECODE 


ТМ 990 
SYSTEM BUS 


SHIFT 
REGISTER 


P2 EDGE 
CONNECTOR 


NON TM 990 
HOST 


FIGURE 4-15. SPEECH MODULE BLOCK DIAGRAM 
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OPERATION 
Polled-status Operation 


In this mode of operation the CPU issues the address of a word to be spoken, 
sets the talk command and waits for the word to be spoken. When the talk flag 


goes inactive CPU decides whether to say another word. All communication is 
through the CRU bus to the on-board TMS 9901. 


Interrupt-Driven Operation 


Since generating speech is a very slow operation compared to computer cycles, 
computer time could be tied up in a polled-status mode where the CPU would 
spend all its time checking to see if the speech has stopped. The system may 
be free to do other things while it is talking if the interrupt mode is 
selected. A jumper-selectable interrupt is issued when the speech processor 
stops talking. When the host CPU sees the interrupt, it decides whether to 
say another word or delay or stop speaking entirely. 


VOCABULARY 


In addition to the numbers from 0 to 12 and alphabet from A to Z, there are 
140 words in the base vocabulary. The user is encouraged to be ingenious in 
his use of the speech set. For instance, it is suggested that certain letters 
sound like words:  "R'zare, "N"=in, "B"=be, "С"-ѕее. From these letters, 
words can be constructed such as "N" + crease = increase; and "D" + crease= 
decrease. Table 4-4 is a list of TM 990/306 vocabulary. The vocabulary also 
contains the following four pauses: 80 ms, 160 ms, 240 ms, and 320 ms. 


The ТМ 990/306 may be obtained without the speech data EPROMs for those users 
who wish to customize their own speech set. TI Regional Technology Centers 
(RTC) can provide customized vocabulary sets on EPROMs in a format compatible 
with the TM 990/306. 


SPECIFICATIONS 


Vocabulary: 179 words base speech set (140 words plus 13 
numbers plus 26 letters) 


Interface: CRU or external control via 40-pin edge connector 


Power Requirements (typical): 


+5V + 3% 8 4.15 mA 
+12V + 3% @ 195 mA 
-12V + 3$ 8 185 mA 
Temperature Range: Operating 0 deg С to 70 deg С 


Storage -40 deg C to 100 deg C 


Physical Characteristics: 
Width: 11 inches (279.4 mm) 
Height: 7% inches (190.5 mm) 
Board thickness: 0.062 inch (1.574 mm) 


Interrupts: Jumper selectable - levels 7, 8, 9, and 10 
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Interval Timer (TMS 9901): 


Resolution: 25.6 microseconds 
Max Interval: 414 milliseconds 


Mating Connectors: 


Bus 100 pin, 0.125 in. ве TI H431111-50 (wirewrap) 
TI H431121-50 (solder tail) 


1/0 40 pin, 0.100 in. сс TI 421121-20 (solder tail) 
3M 3464-0001 (no ears) 
Viking 3VH20/1JN5 (pierced tail) 


DEMONSTRATION SOFTWARE 


Demonstration software for TM 990/306 is provided in two TMS 2716 EPROM's and 
is sold as a separate product(TMS 990/426). The purpose of this software is 
to allow the user to demonstrate operation of the TM 990/306 speech module, 
producing speech immediately upon powering the associated modules. Тһе 
Software prompts the user and instructs him to enter appropriate commands for 
generation of sample phrases and sentences. The program listing is also 
provided to instruct the user on necessary software generation. 


The following items are required to use the demonstration software: 


ө TM 990/426 Demonstration Software 

ө TM 990/306 Speech Module 

ө TM 990/10X CPU Module 

ө ТМ 990/518 or ТМ 990/518А DC Power Supply 

ө Any ТМ 990-Series Card Cage 

ө Suitable Terminal and cable that interfaces to CPU Module 
o Speaker (8 ohms, 2.5 watts) 

ө 40-ріп connector (TM 990/524 ог equivalent) 


Figure 4-16 shows a sample system using the TM 990/306 speech module. 
Ordering Information: 

TM 990/306 Speech Module with 179 word vocabulary 

TM 990/306-2 Speech Module less EPROM speech set for custom vocabulary 


TM 990/426 TM 990/306 Demonstration Software EPROM kit 
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TABLE 4-4. 
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TM 990/306 VOCABULARY 
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FIGURE 4-16. SAMPLE SYSTEM USING TM 990/306 
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4.4.8 TM 990/307 COMMUNICATION EXPANDER 


^ diiit 
ЕТІП 
ШІП! 


The TM 990/307 communication expander module, shown above, із а bus-compatible 
member of the TM 990 product family. Figure 4-17 is a block diagram of the 


module. This module can communicate with up to four asynchronous 
synchronous devices through RS-232 interfaces (an optional TMS 9903 
required for synchronous devices). The devices can be either modems 
terminals. A parallel interface is included for interfacing to 
auto-dialer---such as Bell 801 Automatic Calling Unit. 


FEATURES 
е Four RS-232C EIA ports using DB-25P connectors (Port р provides 
RS 232C or RS 422 interfaces) 
ө Bell automatic calling unit interface 
e Individual channels are CRU address selectable 
ө CRU addressable DIP switches and status LED's provided 
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FIGURE 4-17. TM 990/307 BLOCK DIAGRAM 
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OPERATION 


The TM 990/307 Communication Expander Module is implemented using the ТМ 990 
printed circuit format. The TM 990/307 uses four TMS 9902 asynchronous 
communication controller devices for transmitting and receiving serial data. 
Each TMS 9902 also contains an interval timer--giving the user four 


programmable timers. By replacing the TMS 9902's with TMS 9903's communication 
to sychronous modems is possible. 


ADDRESSING 


Each EIA data port occupies 64 bits in the CRU map. Ports B, C and D use 
identical CRU maps. The first thirty two bits are used to address the TMS 9902 
communication controller. The next 32 bits are used for modem control, CRU 


addressable switches, status monitoring and LED. In addition, Port A has the 
Auto Dialer feature. 


SPECIFICATIONS 


Input/Output 


Data Ports: TMS 9902 asynchronous controller 
Programmable data rate, stop bits, parity 
Break characters generation 
Framing, parity, and overrun errors detected 
75 to 38400 baud, software programmable 
EIA RS-232 signal compatible 
Switch selectable CRU address, each port independent 
Two CRU addressable switches per port 


One CRU addressable LED per port 


Auto Dialer: (Port A Only) Header connector with pinouts compatible 


with a Bell 801 auto dialer or equivalent. Pinouts are 
arranged such that an interface cable can be construc- 
ted using: 25/26-pin ribbon cable; a 26-pin header 
connector and a 25-pin DB-25 EIA connector. 


RS-422 Port: (D only) Can be jumper configured as an RS-422 Port. 


Interval Timers 


Four timers with a resolution of 64 microseconds and a maximum interval 
of 16.32 milliseconds. 
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Interrupts: 


Each port is capable of generating an interrupt from the data port or the 
interval timer. These interrupts can be jumpered to system interrupts 8 
through 15. 


I/O Connectors: 


Data Ports: DB-25 25 pin ЕТА connector 
Auto Dialer:  26-pin dual row header 
Power Requirements (typical): 


+ 5V «3$ Ө .75 А 
+12V +34 @ .08 A 
-12V +34 Ө .09 A 


Temperature Range: 


Operating: 0 deg C to 70 deg C 
Storage: -40 deg C to 100 deg C 


Physical Characteristics: 


Width: 11 inches (279.4 mm) 
Heigth: Tài inches (190.5 mm) 
Board thickness: 0.062 inch (1.574 mm) 


Interrupts: Jumper selectable: levels 8 through 15 


OPTIONAL ACCESSORIES 


The four ports are compatible with the following EIA RS-232C cables; 


ТМ 990/502 (RS-232 EIA terminal) 
ТМ 990/503 (743/745) 

ТМ 990/505(733 ASR) 

TM 990/506 85-232 modem cable. 


The user may construct his own cable to interface to the 801 auto-dialer or 
when using RS-422 on port D with standard ribbon cable components. 


TM 990/427 DEMONSTRATION SOFTWARE 


ТМ 990/427 demonstration software package allows the user to verify me 
operation of the communication expansion module. The module is put чү 549 
loopback mode апа tested under different baud-rate settings. If the = 
passes the test, the LED is extinguished. The demonstration software accep 


input from the CPU EIA port and transmits it to any of the four expansion 
ports. 
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4.4.9 TM 990/308 INDUSTRIAL COMMUNICATION MODULE 


The TM 990/308 Industrial Communication Module (ICM) shown above is a 
bus-compatible member of the TM 990 produet family. Figure 4-18 is a block 
diagram of the module. This module provides necessary interface logic for 
implementing a serial, synchronous communication link between two or more TM 
990 systems. The ICM extends the communication range of the CPU module by 
providing industrial-line or RS232C EIA interfaces that can be used with 
twisted-pair line and telephone line respectively to provide a long-range 
communication link. This interface allows serial transmission using CRU 
interface for byte and status transmission between the host microcomputer and 
ICM. 


FEATURES 
ө Point-to-point or multi-point operation--jumper selectable 
ө Two-wire interface utilizing isolated differential line driver/line 
receiver stage--1500 VRMS isolation provided 
ө Communication to 10,000 feet at 9600 bits/second 
ө Separate EIA RS232C interface for modem operation--Bell 208 modem 


compatible using TM 990/502 cable. 
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ө Self-test capability 


e Jumper-selectable baud rates: 1200, 2400, 4800 or 9600 b/s 
ә Compatible with TI's DSG Minicomputers апа РМ550 Controllers 
e Down-load command implementation 

e 


Hardware cyclic redundancy checking (CRC) and generation provided 
by on-board TMS 9903 


e Switch-selectable station ID 

e 928 bytes for data buffering 

e Jumper-selectable interrupt levels-- 1 through 15 

e Switch-selectable CRU base address 
ARCHITECTURE 


The TM 990/308 ICM uses a TMS 9903 to perform the serial synchronous transmit 
and receive functions and a TMS 9980A to control the TMS 9903 and to provide 
the interface between the ICM and the TM 990 bus. The TMS 9980A performs 
address decoding, download command decoding, and data buffering functions. 


Figure 4-18 shows the data flow within the TM 990/308, highlighting the major 
Sections and the two sets of main buses: internal buses (address, control, 
data, and CRU) and the interbuses (address, control, data, and CRU). As shown 
in the block diagram, the board also contains 1K bytes of RAM expandable to 
2K, and 2K bytes of ROM expandable to 4K. 


OPERATION 


The TM 990/308 has 3 modes of communications: 


ө Serial transmission over the communication link from one ICM to 
another 

ө Communication through interrupts between microcomputer and ICM 
module 

ө Handshaking using the Communication Register Unit(CRU) for byte and 
status bit transmission between(to and from) the host microcomputer 
and ICM. 
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These modes are described briefly in the following paragraphs. 
Serial Transmission Over Communication Link 


In data transmission, initially the host microcomputer passes the message with 
its destination-ICM number to its own ICM. It then commands its ICM to send 
the message. The ICM then transmits the data in the serial format shown in 
Figure 4-19 using its TMS 9903 as the synchronous interface with the 
communication link. Figure 4-19 also notes several of the protocal conditions 
using bits addressed through the CRU. Іп data receive, the ICM monitors the 
communication link; if the message is for the ICM, it reads the bytes, stores 
these in its buffer memory, and then signals its host that a message is 
available for it. The ICM relieves the receiving computer of processing 
messages which are not addressed to that station. 


GENERATED GENERATED 
BY BY 
ICM BOARD HOST MICROCOMPUTER INPUT ICM BOARD 


— 


=== 


START MODULE dug END 


FLAG ADDRESS CONTROL CRC FLAG 
(8 BITS) (8 BITS) (8 BITS) (16 BITS) (8 BITS) 
BYTE 1 BYTE2 BYTE3 BYTE4 BYTEN BYTE N+1 BYTE N*3 

MESSAGE 


TRANSMIT DATA BIT 
SET FROM HOST INDI- 
CATES: (1) FINAL BYTE 


IF FF46: ALL BEING SENT BY HOST 
TM 990/308s TO ICM AND (2) ICM TO 
ADDRESSED; OTHERWISE SEND MESSAGE 


AN ICM NUMBER 0 TO 63. 
IF 1746 & FINAL BYTE: 
THE MICROCOMPUTER 
ADDRESSED IS DOWN- 
LOADED; OTHERWISE, 
NORMAL DATA TRANS- 
MISSION 


FIGURE 4-19. ICM SERIAL DATA FORMAT 
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Communication Through Interrupts 


The host microcomputer can interrupt its ICM, and the ICM can send an 
interrupt to its host. This is the means for either the ICM or the host to 
initiate handshaking before transmitting a data byte or a control signal over 
the CRU. All such interrupts are triggered through a CRU bit. 


The level of the interrupt from the ICM to the host is jumper-selectable at 
the ICM board. Before the host can recognize an interrupt, the host must have 
first initialized the correct interrupt vector scheme, and it also must have 
enabled that interrupt at both its TMS 9901 and status register interrupt mask 
as well as via an interrupt-enabling CRU bit. 


The host can interrupt the ICM by setting a bit at the CRU interface. 
Higher-level interrupts to the ICM include hardware reset (level 0), software 
reset which can be issued by the host (level 1), ICM internal timer (level 2), 
and interrupt from the ICM's TMS 9903 when an incoming message is sensed over 
the communication link (level 3). The TMS 9903 is the synchronous interface 
between the ICM and the communication link. 


Handshaking With The Host Using CRU 


The CRU interface is used to transmit data bytes, error codes, and status bits 
used for handshaking purposes. The module occupies 16 bits of CRU address 


space, the base address of which is selectable on the CRU base-address 
switches. 


If the self test bit is one when DAV bit from ICM is set to one, or when the 
reset button is actuated on the processor board, the ICM will execute a self 
test. At the end of which it will communicate test results by returning the 


resulting error codes as a CRU data byte. If an error occurs, the fault light 
is lit. 


Figure 4-20 depicts a system operating in multidrop mode. This shows how the 
user could implement a distributed processing and control network and link 
them together using the TM 990/308 Industrial Line interface. TI's other 
groups, MEP and DSG, offer PM550 Industrial Controllers and 990 Minicomputers 
respectively which have compatible communication interfaces available. 


INDUSTRIAL LINE 


(ISOLATED — DIFFERENTIAL) 


TM 990/308 INTF. 
SYSTEM 1 SYSTEM 2 
ТМ 990 DSG MINI 


mm =й FEET © 


FIGURE 4-20. SYSTEM OPERATING IN MULTIDROP MODE 
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SPECIFICATIONS 


Memory: 
RAM 1K byte expandable to 2K bytes using 2114 
EPROM 2K bytes expandable to 4K bytes using TMS 2716 


External Interface: 


Industrial line interface--capable of driving an additional 31 ICMs 
and communicating up to 10,000 feet (3048 meters) at 9600 bits per 
second. RS232 EIA interface--used for Bell 208 modem operation 


Connector On Board: 


25-pin RS232 female; type DB255 


Switch/Jumper Settings: 


ө Data rate selection 

ө Station ID selection 

е CRU base address selection 

ө Line terminations 

ө EIA/industrial interface selection 


Power Requirements (typical): 
+5V + 61.1А 
+12V + 3$ 6 0.2 А 
-12V % 3% @ 0.0 


Temperature Range: 


Operating: 0 deg С to 70 deg С 
Storage: -40 deg C to 85 deg C 


Physical Characteristics: 


Width: 11 inches (279.4 mm) 
Height: 73 inches (190.5 mm) 
Board Thickness: 0.062 inch (1.574 mm) 


Optional Accessories: 


ТМ990/525 Cable Connector Kit 
ТМ990/502 Modem Cable 
TM990/ 428 Demonstration Software 
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ТМ 990/428 DEMONSTRTATION SOFTWARE 


The demonstration software for TM 990/308 is provided in two TMS 2716 EPROMS 
and is зо14 as a separate product, the TM 990/428. The purpose of this 
software is to show that the module is working properly (both in industrial 
line mode and EIA point-to-point mode) and to provide, via the source listing, 
an example of how to program the board in a realistic application. This 
software works in conjunction with TIBUG Monitor. The following is a list of 
hardware needed to verify the module operation in "Industrial Line Mode". 


Two TM 990/308 

Two Processors: ТМ 990/100MA or TM 990/101MA 

Two Copies of TM 990/428 Demo Software 

Two memory boards: ТМ 990/201 or TM 990/203 with at least 1K bytes of RAM 
Two chassis TM 990/510A, TM 990/520A, or TM 990/530 

Two power supplies TM 990/518 or equivalent 

Two terminals: TI 733 ASR, Lear Siegler ADM or equivalent 

One cable interconnected as described in user manual 


Figure 4-21 shows the interconnection of the system components. 


TERMINAL 


TM 990/101MA 
TM 990/201 
TM 990/308 


TM 990/201 
TM 990/308 


SHIELDED 
TWISTED 
PAIR 
LINE 


FIGURE 4-21. SAMPLE TEST SYSTEM 


The demonstration software provides commands, such as initialize systen 
parameters, initialize memory with pattern, memory-to-memory block move, fill 
a buffer with random data, transmit data from the buffer, memory-to-memory 
data compare, self test a keyboard message utility, and a unit to unit 


automatic test which are extremely useful in verifying the operation of the 
module. 
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4.4.10 TM 990/314 IEEE-488 INTERFACE MODULE 
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The TM 990/314 is an adapter module which enables a user to interface a TM 990 


CPU to the General Purpose Interface Bus (GPIB) defined by IEEE 


Standard 488- 


1978. Up to 15 instruments can communicate with each other over this common 
bus. A TM 990 system that uses a TM 990/314 module can act asa System 


Controller, Listener, Talker, or Controller. 


Standard protocol is handled automatically in Talker, Listener, 
operational modes via the on-board TMS 9914 GPIB adapter chip. 


FEATURES 
ө Compatible with the ТМ 990 microcomputer system bus 
© Designed to fit the TM 990/510, /520, /530 card cages 
© Can interface with any ТМ 990 CPU module 
ө Memory-mapped 1/0 port to the ТМ 990 System 
[] Self-diagnostic mode to verify proper board operation 
ө Demo Software available (TMS 990/429) 
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Figure 4-22 shows the TM 990/314 block diagram. 


IEEE-488 GENERAL PURPOSE INTERFACE BUS 


The GPIB is designed to allow up to 15 instruments within a localized area 
to communicate with each other over a common bus. Each device has a unique 
address (usually set from external switches), to which it responds. 
Information is transmitted in byte serial/bit parallel format and may consist 
of either device data or interface control information. 

Messages may be sent by one device at a time (the Talker) and received by 
any number of other devices (Listeners). Instructions such as select range, 
select function, or measurement data for processing or printout may be sent in 
this way. One of the devices on the bus, designated the Controller in charge, 
may send interface control messages. Devices can be assigned to the bus as 


Listeners or Talkers by sending their unique talk or listen addresses, and may 
be switched between remote and local control. 


The bus consists of а 24-wire cable: 8 lines carry data, 8 lines are signal 
and system grounds, and 8 lines are control lines. 
FUNCTIONAL DESCRIPTION 


The ТМ 990/314 can function as Listener, Talker, and Controller; and handles 
all IEEE 488-1978 functions such аз: 


e Talker and Listener 

ө Controller (with pass-control) 

ө System Controller 

ө Device Clear/Trigger functions 

ө Service request 

@ Parallel/Serial polling 

ө Remote/Local (with local lockout) 

ө Single/Dual addressing modes 

® Secondary addressing 
An interrupt is generated when the GPIB changes state (affecting the board), 
or the CPU may poll the status registers of the TMS 9914 periodically and take 
action if needed. Interrupt levels 5 through 12 are jumper selectable. 
This module represents a memory-mapped 1/0 port.to the TM 990 CPU. It occupies 


64 bytes of a 4K 1/0 page of the memory map. The 14 most significant address 
bits of a 20-bit address field are decoded to generate a module select signal. 
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Bank switch SW1 provides the capability to locate the 1/0 page оп any ЧК 
poundary of the 20-bit address field. Switch SW2 provides the capability to 
select а 64 byte block from the АК page selected by 541. 


SELF DIAGNOSTIC MODE 


The TM 990/314 possesses two eight-bit 1/0 ports which are used as inputs and 
outputs to the GPIB port in order to test and verify proper board operation. A 
TMS 9901 із used to read and drive the eight GPIB control lines (ATN, SRQ, 
BOI, DAV, NRFD, МАС, REN, and IFC). The CRU software address of the TMS 9901 
із 26016. 


CONNECTING BUS CABLES 


The TM 990/536 Cable is a special cable intended for use with the TM 990/314. 
One end of this cable connects to P2 on the TM 990/314. The other end of the 


ТМ 990/536 is a stackable GPIB connector as specified in the IEEE-188 
standard. 


System elements may be interconnected in any order or any configuration, as 
long as there is a path from the system controller to every GPIB device. The 
cable connectors may be stacked one on another. 

The cable length must be the LESSER of: 


e Two meters times the total number of GPIB devices including the 
TM 990/314 


ө 20 meters total 


These restrictions are rigorous. If the system cable length is too long, the 
bus interface cannot properly drive the lines to achieve specified 
performance. 


ТМ 990/314 SYSTEM APPLICATIONS 


The TM 990/314 permits a TM 990 computer board to be conected, via the GPIB, 
to an assortment of digitally-controlled instruments (such as multimeters, 
frequency counters, signal generators, data loggers, etc.) for automatic 
measurement, testing, or calibration. Some of the applications are: 

ө Integration of automatic test systems 

e Calibration 

е Small and medium ATE 

ө Production control and flow analysis 

ө Data acquisition and logging 

e Industrial instrumentation and control 


GPIB instruments development and debugging 


ө Dedicated automatic control systems 
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The ТМ 990/314 GPIB Interface may also be used to provide a communication link 
between computer systems. The GPIB then becomes, in effect, a high-performance 
multi-drop communication bus. The GPIB may be used to communicate between two 
(or more) ТМ 990 systems by providing a TM 990/31! ТЕЕЕ-488 interface module 
at each system. The TM 990/314 can also communicate to non TM 990 systems 
which have ІЕЕЕ-488 GPIB interface capability. 

SPECIFICATIONS 

Interface: Memory-mapped 

Power Requirements (typical): 45V + 3$ 8 1.0 A 

Input/Output Connectors: 


Bus 100 pin, 0.125 in. сс TI H431111-50 (wire wrap) 
or equivalent 


1/0 DB-25S EIA Connector 


Temperature Range: 


Operating: 0 deg С to 70 deg С 
Storage: -40 deg C to 100 deg C 


Humidity: 0 to 95% relative with no condensation 


Physical Characteristics: 


Width: 11 inches (279.4 mm) 
Height: 7% inches. (190.5 mm) 
Board Thickness: 0.062 inch (1.574 mm) 


Data Rate: 


The data rate is variable depending on the CPU and type of software used. 
Expected rates can range from 20K bytes/second to 50K bytes/second. 


Interrupts: Jumper selectable - levels 5 through 12 


Ordering Information: 


ТМ 990/31!-1 IEEE-488 Interface Module with memory mapping 
TM 990/536 IEEE-488 Interface Cable 
ТМ 990/429 TM 990/314 Demonstration Software EPROM kit 


ТМ 990/429 IEEE-H88 DEMONSTRATION SOFTWARE 


TM 990/429 demonstration software is available to show how the user can іпбег- 
face to the ІЕЕЕ-488 bus without having to first learn all the specified 
IEEE-488 protocol. It is also used for verifying the correct operation for 
the TM 990/314 GPIB board. The software is provided on two TMS 2716 EPROM 
devices which сап be plugged into the EPROM memory areas on the TM 990/ 10X 
microcomputer board or the TM 990/210 memory board. This software is executed 
under the TIBUG Monitor and uses the I/0 utilities provided by the monitor. 
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The TM 990/429 demonstration software consists of the following commands: 
С = Command issuer; user may interactively issue commands over ІБЕЕ bus 

Е = Send interface clear (IFC) 

H = Help 

p = Poll (Serial and parallel) 

R = Set/Reset remote enable (REN) 

ү = Verify board operation 


Х = Data transfer 
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4.4.11 ТМ 990/311 BUFFERED I/O MODULE 


The TM 990/311 Buffered 1/0 Module is a member of the ТМ 990 family of memory , 
CPU, and I/O Expansion Modules. It expands the I/O capability by interfacing 
with any TM 990 CPU via the TM 990 bus. The module has 48 programmable 1/0 
lines. The lines are programmed into a block of 8. Through system software, 
each block can be configured either as input or output. Two blocks make up a 
port, each port occupying one of three edge connectors. The flexibility of 
this I/O interface is significantly enhanced by the capability to reconfigure 
the module for the required polarity, sink current, and termination. 


FEATURES 


ө Software compatible with І/0 and reset features of the ТМ 990/310 1/0 
module. 


ө Blocks programmed as outputs сап be read (echoed) with a CRU input 
instruction. 


ө Output drivers can be exchanged to provide non-inverting or inverting 
outputs. 


e User option of series, pull-up, or pull-down resistors on outputs. 


е +12 V, -12 V, +8 V, and +5 V are available (at 
at each port's edge connector. 


e 96 bits of flag registor. 
Figure 4-23 shows the TM 990/311 block diagram. 


FUNCTIONAL DESCRIPTION 


the user's option) 


Each of the three TM 990/311 ports can be assigned a unique CRU base address. 
Either an 8-bit position socket platform or an 8-position DIP switch is 


provided for CRU base address selection for each port. 


If socket platforms 


are used, the user has the option of using jumpers or inserting a DIP switch 


in the socket. 


Since each port occupies 64 CRU bits, there are six positions in the address 
selection switch/ jumper bank which determine the address of the port. Тһе 
other two bits enable/disable the port and set the port as input/input and 


output. 


BACKPLANE 
P1 


DIP 
SWITCH 


CRU 
ADDRESS 
DECODING 


PORT A 
wwe [7 gk 


ll Е г. BUFFER 


CRU 
ADDRESS 


PORT RESET 
AND BUFFER 
ENABLE LOGIC 


FLAG 
REGISTER 


PULLUP 
RESISTORS 


CRU IN/OUT 


ГЕ x a F BUFFER 


FIGURE 4-23. TM 990/311 BLOCK DIAGRAM 
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CRU MAP 


Table 4-5 shows the CRU map for each of the three ports on the TM ene 
The first and third block of 16 bits in the CRU map access the Flag register 


or reset functions. There are 32 unique bits in the Flag register for each 
port base address. 


The second and fourth block of 16 bits access the 1/0 bits. Each 1/0 bit (1/0 
0 through I/O 15) have duplicate addresses. For example, if the CRU base 
address is 030046, І/0 0 can be accessed with a CRU 802148101 022016305 
036046. This duplicate addressing provides software compati У DRE 
addressing scheme of the TM 990/310. In the CRU map for the TM 990/310, 


second address (i.e., 036046) is the echo address of an output port with an 
address of 032046. 


PORT INITIALIZATION 


The first time a port is written to, it is set as output until reset by hard- 
ware (e.g., RESET е ееп actuated on the microcomputer board) or software. 
The TM 990/311 is designed to be as software compatible as possible with the 
TM 990/310. Software RESET is accomplished via the CRU as if the user were 
writing to the TMS 9901 PSI. 


INPUT/OUTPUT LATCHES AND BUFFERS 


The input buffers on the TM 990/311 are connected Ве to the edge 
connector. This arrangement allows the user to do the following: 


€ Read the values оп the edge connector when in the input mode. 


€ Read the values on the edge connector when in the output mode as an 
echo-back check of proper output buffer operation. 


i i i -i i buffers on each block of 
The TM 990/311 is shipped with 74LS244 non-inverting 
8 bits. This part may be replaced with 74LS240 inverting buffers if needed. 


When this replacement is made, the appropriate jumper selection will have to 
be made. 


Several output resistor configurations are available. The output e. 
are included in DIP packs. The configuration consists of a series 


and a shunt resistor. The shunt resistor can be set as a pull-up or pull-down 
resistor as needed. 


FLAG REGISTER 


The flag registor is a one bit wide RAM memory accessible by Md с 
CRU. The use of this register is determined by the user. Each Е me. 
contains 32 bits. The address map for the flag register is shown 


VOLTAGE REGISTOR 
The on-board voltage regulator provides +8 V for interfacing this module to 


5MT series industrial I/O modules. Jumper settings are required to supply 
+12 V, +8 V, +5 V, and -12 V at each port connector. 
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TABLE 4-5. CRU MAP OF EACH PORT 


cru! Bit Conn. cru! Bit Conn. 
Bit Description Assign. Bit Description Assign. 


Reset Enable/ Flag 1 

LED/Flag 0 
1 Flag 1 - 34 Flag 17 = 
2 Flag 2 - 35 Flag 18 - 
3 Flag 3 - 36 Flag 19 - 
4 Flag 4 - 37 Flag 20 - 
5 Flag 5 = 38 Flag 21 - 
6 Flag 6 - 39 Flag 22 - 
1 Flag 7 - 10 Flag 23 © 
8 Flag 8 - 41 Flag 24 - 
9 Flag 9 - 42 Flag 25 = 
10 Flag 10 - 43 Flag 26 = 
11 Flag 11 - 4y Flag 27 = 
12 Flag 12 - 45 Flag 28 - 
13 Flag 13 - 46 Flag 29 = 
14 Flag 14 - 47 Flag 30 - 


Reset/Flag 15 


ADU =) о —„ о 


AOU FWHM о 


This column represents the displacement to be used with a CRU single bit 


instruction (e.g., SBO, SBZ, TB) with no software displacement added to 
switch values. 


тә column gives the pin assignments for the. appropriate port for each CRU 
address. 
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SPECIFICATIONS 
Power Requirements: 


Without +8 V Regulator: +5 V, +3 $, .65 А (typical), 1.8 А (maximum) 
With +8 V Regulator driving 3 fully loaded 5MI 1/0 module racks: 
+12 V, +5 $, 1.2 А (typical), 2.0 A (maximum) 


Temperature Range: 


Operating: 0 deg С to 70 deg С 
Storage: -65 deg С to 150 deg С 


Physical Characteristics: 


Width: 11 inches (279.4 mm) 
Height: Ti inches (190.5 mm) 
Board Thickness: 0.062 inch (1.574 mm) 
Component Height: 0.50 inch (12.7 mm) maximum 


Programmed Inputs: 


High-level input voltage: 2.0 V minimum 
Low-level input voltage: 0.8 V maximum 
Allowed voltage range: 0.0 V to 7.0 V 
Input current (with no pull-up resistors): 20 uA at 2.7 V 


Programmed Outputs: 


High-level output voltage: 2.4 V minimum @ 15 mA maximum 
Low-level output voltage: 0.50 V maximum @ 24 mA 
Maximum user current sink: 24 mA 


Ordering Information: 


TM 990/311 Buffered І/0 Module 
ТМ 990/509 5MT Interface Cable 
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SECTION 5 


ACCESSORIES AND CARD CAGES 
5.1 GENERAL 


The accessories and card cage group consists of the following items: 


ө Card cages 

ө Prototyping accessories 
ө Power supplies 

ө Connectors 


ө Cables 


The TM 990/510A, 520A, 530 card cages are designed to accomodate all of the 
Standard ТМ 990 modules except the ТМ 990/U89 University module. The chassis 
are intended to be used with user provided power supplies (sized according to 
the power requirements of the specific system) and externally supplied cooling 
air. Power Supplies that may be used with these card cages are described in 
Section 5.4. The chassis may be convection-cooled for many app Tion код 
mounting the chassis such that the cards are oriented vertically with 
unobstructed air access to the top and bottom. For applications where the 


ambient air(in the chassis) is above +550C, forced air cooling may be 
required. 


5.2 CARD CAGES 


Three card cages are provided to house and provide expansion capabi fon 
the TM 990 series modules: the TM:990/5104, TM 990/520A and TM 990/530. 1 E 
990/510A, 520A, 530 card cages can accomodate 4, 8 or 16 modules respecte у. 
The backplane contains the address bus, data bus, interrupt and contro fe 
to permit memory, Т/О and DMA expansion of CPU modules. Table 5-1 pis e 
comparison of the three card cages and Figure 5-1 is an illustration o ii 22 
990/510А card cage that provides the dimensions for all three коде еа 
5-2 shows the TM 990/530 card cage. The TM 990/510A, 520A, 530 User's Gu 
provides application data on system cooling requirements. 


Daisy-chain jumpers are provided on the TM 990/510A, IM 990/520A, АДЕП 
990/530 for use in DMA applications. Removal of one of these Eua SERE 
the connection between bus arbitration signals GRANTIN- and GRANTOUT- a s 32 
Slot. These jumpers are provided so that DMA devices can acquire eo aaa 
the system bus from the primary processor using HOLD- and HOLDA and r ааа 
other using а serial-priority(daisy-chain) arbitration method. 3 e = = 
explanation of DMA bus arbitration using the GRANTIN- and GRANTOUT- signa 
given in the TM 990 System Specification (Section 8). 


There are two options (supplied in kit form) that support the ТМ 990/530: 
e ТМ 990/531 power supply mounting bracket 


e TM 990/532 fan mounting bracket 
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TABLE 5-1. ТМ 990 OEM CARD CHASSIS 


PARAMETER TM 990/510A ТМ 990/520A TM 990/530 
Number of Card Slots 


Card Slot Spacing e ү 75" 1.00" 


Approximate Dimensions: 


Height 12.55" 12.55" 12.00" 
Width 5.01" 8.25" 17.25" 
Depth* 7.43" 7.43" 12.00" 


Mounting Provisions: 
Panel Mount Y Y Y 
19" Rack Mount 


* Does not include terminal strip. 


The TM 990/531 is a power supply mounting bracket for use with the TM 990/530 
сага cage. This bracket can be used to secure ап ac line filter and a power 
supply to the card cage. The type of power supply depends on the total power 
requirements of the individual modules and any special features required (such 
as power fail circuitry). After the power supply and the ac line filter are 
secured to the power supply mounting bracket, it is then attached to the rear 
of the card cage as shown in Figure 5-3. 


The power supply mounting bracket is predrilled to accept the following power 
supplies: 


ACDC RT 151, RT 301 
LH Research LM 23, TM 23 
Power One CP 255 


The mounting bracket can easily be used with other power supplies by drilling 
the correct mounting hole pattern. 


The TM 990/532 is a fan mounting bracket for use with the TM 990/530 card 
cage. This bracket can house up to three fans: the type of cooling fan that 
is selected depends on the heat load of the actual system. The vent holes 
that are provided are 4 3/8 inches in diameter with four 1/8 inch holes for 
mounting each fan and will accept the following fans: 


ETRI 141LT-2182 115V 
ROTRON WR2H1-027119  115V 


Adding fan forced-cooling to the TM 990/530 card cage essentially involves the 
following: 1) mount the cooling fans to the fan mounting bracket; 2) dress 


the power supply lines in a safe fasion; 3) secure the fan mounting bracket 
to the bottom of the card cage as shown in Figure 5-4. 


All three OEM chassis are provided with card retaining brackets designed to 
retain TM 990 modules securely in the chassis during shipping. 


Because the TM 990 chassis have termination networks, they do consume a small 


amount of power. The +5 volt de requirement is 0.24 A (typical). This should 
be added to the system power requirements. 
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POWER 


SUPPLY 
% ТМ 990/531 
POWER SUPPLY 


N MOUNTING BRACKET 
(OPTIONAL) 
SEE DETAIL A 


ТМ 990/530 
16-SLOT OEM 
CARD CAGE 


DETAIL A 
(DIMENSIONS IN INCHES) 


HARDWARE INCLUDED IS 
SIX #10-32x.375 
FLAT HEAD SCREWS 

(SELF CLINCHING NUTS 

INSTALLED IN TM 990/530) 


FIGURE 5-3. ADDITION OF TM 990/531 TO TM 990/530 
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TM 990/530 
16-SLOT OEM 
CARD CAGE 


TOP VIEW TM 990/532 


FANS (DIMENSIONS IN INCHES? 


ТМ 990/532 

FAN MOUNTING BRACKET 
(OPTIONAL) 

HARDWARE INCLUDED IS: 

SIX #6-32x.312 

PAN HEAD SCREWS, 

SIX #6 LOCK-SPRING 
WASHERS, 

SIX #6-32 UNC-2B HEX 
PLAIN NUTS 


FIGURE 5-4. ADDITION OF TM 990/532 TO TM 990/530 
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5.3 PROTOTYPING ACCESSORIES 


Prototyping accessories include extender and prototyping boards, and are 
illustrated in Figure 5-5. 


The TM 990/511 extender board allows the user easy access to a printed circuit 
board which contains circuits under development. 


The TM 990/512 and TM 990/513 are universal prototyping cards which allow 
breadboarding of developmental circuits. The printed circuit boards are 
designed to accomodate 0.3, 0.4, 0.6, and 0.9 inch wide dual in line IC 
packages or their equivalent soldertail or wirewrap sockets. 


The TM 990/512 (unpopulated) and the ТМ 990/513 (wire-wrap pin populated) 
universal prototyping boards offer the following features: 


ө ТМ 990/513 board comes populated with .025 inch square plug-in type 
wire-wrap pins; IM 990/512 board comes unpopulated. This is the only 
difference between board models. 


e Rows of solder through-holes organized into two blocks, each with 
columns labelled column A to column Z, each block with 50 rows 
(labelled onboard 1 to 50) of solder-through holes. 


e Holes in each row located on 0.10 inch (0.254 сш) centers. 
e Both boards are glass epoxy. 


ө Gold-plated connectors include 100-pin connector directly compatible 
with TM 990 series motherboard, two 40-pin edge connectors, one 


edge-connector with solder through-holes for receiving 25-pin EIA 
connector. 


ө Ground/+5 V holes provided for filter capacitors 


5.4 POWER SUPPLIES 


Texas Instruments provides two power supplies to be used with the TM 990 
Series Modules. The TM 990/519 is a low current version that was especially 
designed to be used with the TM 990/U89 University Board. The ТМ 990/518 
provides a higher current output and is especially suited for use with the ТМ 
990/302 software development module. Тһе ТМ 990/518A is an enclosed version of 
the TM 990/518 but with a lower power rating. Table 5-2 gives the de outputs 
and maximum load currents for all three supplies. 


TABLE 5-2. DC POWER SUPPLY SPECIFICATIONS 


TM 990/518 
ТМ 990/518А 
ТМ 990/519 


FIGURE 5-5. PROTOTYPING ACCESSORIES 


The TMS 990/518 can be operated with either 115 Vac or 230 Vac, +10 percent 
while the TMS 990/519 operates on 102 to 137 Vac. Both power supplies are 


regulated and provide overload protection. Figures 5-6 and 5-7 show the ТМ 
990/518A and TM 990/519 DC power supplies. 


4% TEXAS INSTRUMENTS 


TM 99/58 2 ^ 


(Fuse INSIDE E 
a +12\ 
^ 2 = +45у 
VAMP END | 2 
й зө усш 
Е pee -0у 


FIGURE 5-6. ТМ 990/518A DC POWER SUPPLY 


FIGURE 5-7. TM 990/519 DC POWER SUPPLY 


5.5 CONNECTORS 


A variety of connector kits are available for system development. Тһе ТМ 990 
bus requires 100 lines, the EIA connector requires 25 lines апа 10 lines are 
required for I/O or interrupt. The bus connector is a 100-pin printed circuit 
tab on 0.125 inch centers. The 40-pin, printed circuit tab connectors for 1/0 
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or interrupt are on 0.10 inch centers. Additionally, the CPU modules come 
mounted with a 25-pin EIA connector, and the universal prototyping boards have 
space for mounting the same. The TM 990/501 is a three piece connector kit. It 
includes one each of the 100, 40, and 25-pin connectors. Following is a list 
of the connector kits that are available: 


ТМ 990/501 25 Pin EIA, 40 Pin, and 100 Pin Connectors 
TM 990/523 100 Pin Connector Kit 
TM 990/524 40 Pin Connector Kit 
ТМ 990/525 25 Pin EIA Connector Kit 
TM 990/528 50 Pin Connector Kit 
5.6 CABLES 


Several cables are provided that allow for easy connection between CPU modules 
and peripheral devices. Several облег special interface cables are also 
available. Table 5-3 provides a listing of TM 990 series cables. 


TABLE 5-3. CABLES 


Part Number Description 


ТМ 990/502 Cable to connect TM 990 CPU module to a RS-232-C terminal. 
Also used with TM 990/308 to interface to Bell 208 modem. 


TM 990/503A Cable to connect TM 990 series CPU module to a Texas 
Instruments 743 or 745 terminal. 


ТМ 990/504A Cable to connect a TM 990/10X series CPU module to a Model 
33 ASR teletype modified for 20 mA current loop operation. 


ТМ 990/505 Cable to connect a TM 990 CPU module with a Texas 
Instruments Model 733 ASR data terminal. 


ТМ 990/506 Cable to connect port P3 of the TM 990/101MA CPU module 
to а RS-232-C modem such as a 103 type data set. 


TM 990/507 Cable to connect TM 990/100MA, TM 990/101MA, or TM 990/310 
I/O Module to TM 990/5MT industrial 1/0 interface. 


990/508 Audio cassette interface cable to be used with the 
TM 990/302 software development module. 


990/509 


Cable to connect TM 990/305 I/O Module to TM 990/5MT 
industrial I/O interface. 


990/527 


Cable to connect TM 990/303A Floppy Disk Controller to one 
or two standard size (8") drives. 


990/535 


Cable to connect TM990/303A Floppy Disk Controller to three 
Shuggart Model 400 Disk Drives. 


990/536 IEEE-488 Interface Cable for use with the TM 990/314 


IEEE-488 Interface Module. 


990/538 25-pin Extension Cable for use with the TM 990/522 System 
Enclosure. 
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5.7 ТМ 990/522 SYSTEM ENCLOSURE 


OPTIONAL TM 990/538 CABLE 


ТМ 990/510A 
CARD CAGE 


POWER LED 
RESET SWITCH 


FRONT PANEL 


FIGURE 5-8. TM 990/522 SYSTEM ENCLOSURE 


The TM 990/522 System Enclosure is a self-contained enclosure with card cage, 
power supply, fan, and front panel. The 4-slot card cage can accomodate any of 
the ТМ 990 family of microcomputers, memory, 1/0, or peripheral interface 


modules, up to the 75 watt power supply maximum. Figure 5-8 shows the key 
internal elements of the 1М 990/522 system enclosure. 


FEATURES 


© 4-slot card cage, slots on one inch centers 
e Sufficient ventialtion for any combination of TM 990 modules 


75 watt power supply with +5 volts, +12 volts, -12 volts provides power 
for most four module TM 990 systems 


ө Table top enclosure 

e RESET switch and "power on" LED on front panel 

ө On/Off power switch 

e 6 openings on rear panel provide for DB-25 RS 232 connectors 


Chassis backplane includes termination resistors to support 5 MHz 
operation 


CARD CAGE 


The TM 990/522 System Enclosure includes the ТМ 990/510A 4-slot chassis with 
eard slots on one inch spacing. The card cage meets all requirements of the 


ТМ 990 System Specification for 5 MHz operation. It can accomodate prototyping 
modules such as the TM 990/512 or TM 990/513. 


POWER SUPPLY 


The power supply is a switching power supply with a combined maximum output 
rating of 75 watts. +5 volt, +12 volt, and -12 volt outputs are provided with 
regulation and filtering adequate for any of the ТМ 990 family of products. 
The 75 watt output rating is sufficient for most combinations of TM 990 four 
module systems. An ac line filter is included to minimize EMI/RFI. 


SPECIFICATIONS 


AC Input: 


115 volts ac + 10%, 0.91 Amperes (typ @ 75 watts load), 57 to 63 Hertz 
DC Power Supply: Combined total load not to exceed 75 watts maximum 


+5 volts + 3%, 1 
+12 volts + 3%, 1 
-12 volts + 3%, 1 


+ 


Regulation: 0.6% full line and load 

Output Ripple and Noise: 50 mV peak, 47 Hz to 10 MHz 
Output Transient Response: 5% maximum for 50% load change 
Overload Protection: Foldback to 40% 


Card Cage: ТМ 990/510A OEM Chassis (included) 


Front Panel: 6.7 inches (17.01 сш) x 16.0 inches (40.64 om), RESET switch and 
LED provided 


Enclosure Dimensions (approximate): 


Height: 7 inches (17.78 om) 
Width: 17 inches (43.18 om) 
Depth: 16.7 inches (42.418 om) 
Rear Panel: 6.6 inches (16.764 сш) x 16.0 inches (40.64 сш), cutouts for six 


DB-25 connectors, ac power switch, line fuse (2 A SLO BLO 3A6), 
fan (85 to 100 CFM), ac power cord 


Ambient Temperature: 0 deg С to +40 deg С (intake air) 


Options: 


TM 990/538 EIA Cable Mounting Kit (includes DB-25 connector for mounting 
in rear panel and extension cable to TM 990 CPU or I/0 module) 


SECTION 6 


SOFTWARE (400 series) 
6.1 GENERAL 


Because software support is vital to the successful functioning of TM 990 
systems, Texas Instruments provides broad-based support ranging from 
assembly-based monitors to BASIC interpreters and Pascal Compilers. Many of 
the popular packaging forms are available such as EPROM's, floppy discs, hard 


discs and } inch magnetic tape depending on the size and complexibility of the 
software. 


This section describes the software support of ТМ 990 products encompassing: 
. 


"TIBUG" ROM Resident Debug Monitor 
POWER BASIC 

Microprocessor Pascal 

Real Time Executive 

Component Software 

Cross Support 

Demonstration Software 


6.2 TIBUG MONITOR 


ТМ 990/401 and TM 990/403 аге comprehensive, interactive debug monitors in- 
cluded in the basic price of many TM 990 CPU modules. TIBUG includes 13 user 
commands plus six user accessible utilities and operates with 110, 300, 1200, 
2400, 4800, and 9600 baud terminals. Section 2.2 mentions some TIBUG сһагас- 


teristics. TM 990/403 TIBUG is designed especially for the TM 990/1181 High 
Performance CPU module. 


Ordering Information: 


TM 990/401-3 TIBUG Monitor resident in two TMS 2708 EPROM devices for use 
with TM 990/100MA or TM 990/101MA microcomputer modules. 


TM 990/403 TIBUG Monitor resident in two TMS 2716 EPROM devices for use 
with the TM 990/1481 High-Performance CPU module. 


6.3 LINE-BY-LINE ASSEMBLER 


TM 990/402 is a line-by-line assembler (no labels) supplied pre-programmed 
into a ROM kit for immediate system use. By allowing you to enter 
instructions in mnemonic form and performing simple address resolution 
calculations up to a displacement range of %254/-256 bytes, the assembler F 
an extremely powerful tool for assembly language input of short programs o 
easy modification (patching) of long programs. 


Ordering Information: 


TM 990/402-1 LBLA resident in two TMS 2708 EPROM devices for use with TM 
990/100MA or TM 990/101MA microcomputer modules. 


ТМ 990/402-2 LBLA resident in two TMS 2708 EPROM devices for use with the 
TM 990/180M microcomputer module. 
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6.4 BASIC* 


POWER BASIC is a language specifically designed for the industrial realtime 
I/O environment. POWER BASIC was designed to help solve five common 
industrial application problems: 


ө Unfamiliarity with Microprocessors 

A manufacturer wishes to implement a microprocessor in his 
industrial process. Unfortunately, his design group is unfamiliar 
with assembly language or computer programming in general. 


ө Dividing а Task 
In an industrial development environment, a task is divided among 
two or more groups. The project leader is reluctant to divide the 


programming task in fear that the groups will not understand each 
other's work. 


о Intergroup Design 
One group must design a development system for another group to 
use. Unfortunately, development is stifled because the target 


group has trouble understanding the operation of the system and is 
unable to make even minor modifications. 


e High Level Language Phobia 
Many manufacturers are using assembly language because they feel it 
is their only choice. They claim that although high-level 
languages seem easier to use and easier to understand, they are too 
slow and require too much memory overhead. 

ө 


Equipment (and Software) Obsolescence 

A manufacturer is afraid to design a microprocessor into his 
equipment because he will then be locked into a particular 
microprocessor technology. He feels that the development and 
application programs he writes in assembly language will be 
obsolete for future microprocessor technology. His answer is to 
wait--unfortunately, he has been waiting for years now and sees по 


end in sight. In fact, the electronics industry seems to evolve 
faster each year. 


Keeping all five of these problems in mind, Texas Instruments designed POWER 
BASIC, an offspring of the BASIC language created at Dartmouth University. 
BASIC is a language designed for individuals who have no previous experience 
with computers. BASIC has incorporated English-like statements (such as 


"READ" or "PRINT"), so that individuals can write simple BASIC programs after 
an hour's instruction. 


Texas Instruments has added some industrial capability to BASIC without 
sacrificing its simplicity. Now a manufacturer can interface a microprocessor 
to his industrial devices without a need to learn assembly language. POWER 
BASIC is available as EPROM resident software, or on floppy diskette. POWER 
BASIC is convenient to use and designed specifically for the TM 990 modules. 


The user only need press the reset switch and the TM 990 board is ready to 
accept his POWER BASIC instructions. 


* Trademark of Dartmouth University 
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POWER BASIC programs are also easy to understand. Since POWER BASIC 
statements are very similar to English, individuals can "read" a POWER BASIC 
program without the need for lengthy documentation. In addition, POWER BASIC 
has the "REMark" feature, which allows the user to add descriptive comments at 
strategic points in the program. POWER BASIC also allows variables up to 


three letters long, which allows the programmer to add much more flexibility 
and meaning to his program. 


POWER BASIC language was specifically designed to be fast and have the minimum 
amount of memory overhead. The user can also manipulate bit 1/0 directly from 
POWER BASIC, a feature usually found only in assembly languages. Programmers 
in the industrial control environment will feel comfortable with POWER BASIC 


language because all the tools for their application are available in the 
language: 


ө 48 bit arithmetic accuracy (11 significant digits) (not available in 
University BASIC) 


ө 24 hour time of day clock 

o elapsed time for 1/25th of a second or greater 
ө interrupt capabilities 

ө String manipulation capabilities 

o EPROM programming 

ө 3 letter variables 

ө user oriented editor 


ө ability to call assembly language subroutines directly from POWER BASIC 


Equipment obsolescence is a problem that is relevant to all software x ee 
today. In contrast to assembly language, POWER BASIC is virtually indepen en: 
of advances in microprocessor technology. Future advances in wn OO 
technology will speed up POWER BASIC without demanding a reorganiza mee Td 
language. Programs written in POWER BASIC for today's microproces 

also run on tomorrow's microprocessors. 


TI's POWER BASIC is available in four versions: Evaluation urs BASIC, 
Development POWER BASIC, Configurable POWER BASIC, and University . 


6.4.1 Evaluation POWER BASIC 


Evaluation POWER BASIC (TM 990/450) occupies 8K bytes of memory conta nedan 
four EPROM's. In conjunction with any of the TM 990/10X CPU mo LOSS 
Evaluation POWER BASIC allows the user to enter and EE 
applications programs directly from a terminal or other input gor ne os 
addition, the user can store his programs directly on digital casset m EA 
EIA connector on the module (TI 733 ASR Data Terminal required). Evalua 1 
POWER BASIC provides the user with the lowest cost capability for design, 
development and debugging of POWER BASIC programs. 
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6.4.2 Development POWER BASIC 


Development POWER BASIC (IM 990/451D) occupies 12K bytes of memory contained 
іп six EPROM's. Development POWER BASIC provides several advantages over 
Evaluation POWER BASIC. For example, one can call assembly language programs 
as subroutines directly from a POWER BASIC program. This feature is 
particularly useful for subroutines where high speed execution is critical. 


A typical Development POWER BASIC system would include the six EPROM's (ТМ 
990/451D), a TM 990/10X series module (i.e. TM 990/101MA), and a memory 
expansion board (i.e. TM 990/201). Іп addition to EPROM programming, the 
POWER BASIC Enhancement Package (TM 990/452D) provides features not available 
in Evaluation or Development POWER BASIC, such as print formatting for decimal 
numbers, and an enhaneed set of error messages. 


If the user development cyole requires audio cassette storage and EPROM 
programming, an add-on package to the TM 990/451D is available. The POWER 
BASIC Enhancement Package (TM 990/452D) works directly with the TM 990/451D to 
provide the user with complete POWER BASIC board level capability--from 
evaluation to EPROM programming. A typical EPROM programming system would 
include the TM 990/101MA module, the ТМ 990/302 software development board, 


Development POWER BASIC (TM 990/451D) and the Development POWER BASIC 
Enhancement Package (TM 990/452D). 


6.4.3 Configurable POWER BASIC ІІ 


The Configurable POWER BASIC II language (TMSW511F) is an improved version of 
the original Configurable POWER BASIC language. New features include the 
ability to use the component software series from the POWER BASIC language. 
Several new commands allow calls to be made to component software routines 
directly from POWER BASIC so that software procedues, such as the File 
Manager, can be included within the application program.. This greatly 


increases the power extendability and versatility of POWER BASIC language 
programs. 


Further enhancements in the Configurable POWER BASIC II language include 
increased debugging power, which allows the user to set software breakpoints 


. within the program. The result is increased flexibility in the program debug 
eycle. 


Additional improvements in the product include overlay capability. This new 
capability gives the user the ability to fully utilize the new operating 
system and overlay portions of the program in memory. This reduces the memory 
Space needed to implement a given application program. 


TI's Configurable POWER BASIC II language is available in AMPLUS format on 


floppy diskette for use on FS 990 Development Systems (See Section 7, 
Development Systems). 


6.4.4 University BASIC 


University BASIC (TM 990/469), a 6K subset of POWER BASIC language, is an 
EPROM kit designed to run on the TM 990/U89 board. 


The University BASIC kit is a training tool for students and engineers who 


want to become familiar with the POWER BASIC language and TM 990 modules 
through "hands-on" experience. The TM 990/U89 microcomputer module is a 
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single-board system that can be used as an aid in learning microcomputer 


fundamentals and interfacing techniques,as well as to demonstrate the TMS 9900 
family 16-bit architecture. 


The University BASIC EPROM kit requires the TM 990/U89 CPU board and a 
Suitable power supply such as the TM 990/519. It supports a single user on 
either an RS 232C or 20 mA current loop terminal. The University BASIC EPROM 
kit supports a subset of POWER BASIC language commands and statements. 


Included are the normal BASIC commands, as well as SAVE and LOAD commands for 
use with audio cassette program storage. 


The University BASIC language also supports an extended version of the BASIC 
IF-THEN statement allowing conditional execution of expressions, as well as 
conditional transfer of program control. Additional power has been given to 
the University BASIC language through the CALL statement. This statement 


allows the user to directly access assembly language routines from University 
BASIC programs. 


Among the commands and statements unique to the University BASIC programming 
language are TONE, COLOR, PATTERN, SPRITE, and PLOT. These statements and an 
off-board video display processor, such as the TMS 99 18, can be interfaced to 
the IM 990/U89 board resulting in a very powerful yet relatively inexpensive 
product with color video capability. While providing expanded capability for 
the ТМ 990/089 board, these commands also provide a convenient way for 


Students and engineers to learn about and evaluate the TMS 9918 Video Display 
Processor chip. 


The University Basic has the following features: 
© Two character variables 
9 Audio cassette program storage capability 


Ability to call assembly language routines directly from 
University BASIC 


ө Tone command providing sound capability 


© Color video commands giving 16-color capability (when used in 
conjunction with a video display processor such as the TMS 9918) 


ө String manipulation capabilities 


6.4.5 POWER BASIC Statements 


Statements form the basis for all POWER BASIC programs. Typically, statements 
are entered into a program with line numbers and are executed when the RUN 
command is entered. All letters of POWER BASIC must be entered in upper case. 
Table 6-1 lists the set of POWER BASIC statements in alphabetical order. 
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TABLE 6-1. POWER BASIC STATEMENTS 


Example/Explanation 


Sets the baud rate of the serial I/0 port(s). The BAUD 
rate is the rate of data flow through the ports. 


BAUD‏ اا 


BASE (256) sets CRU base for subsequent CRU operations. 
The CRU allows the user to access a line that can turn on a 
load. 


BLD R6,2,5,'?', 300 
Assigns values to record items 


BYE 
Terminates POWER BASIC and returns control to the TX990 
operating system. 


CALL "SUB1", OD430H,A,(B) 
Calls assembly language subroutines. Variables may be 
passed optionally. "SUB1" would be a program in memory that 
has to execute often and/or very quickly. 


* CALLG CALLG "NEWVOL",0,'*',0,310,296 
Used in conjunction with SPEC to assign parameter sequence. 


* * * DATA DATA1, H*ATN(1) , "НІ" 
Define internal data for access by READ statement. Allows 
the user to easily change his input data without changing 

the program structure. 


DEF FND(X, Y)=3*X/Y 
Defines user arithmetic function. Functions are especially 
useful for mathematical formulas that are used repeatedly. 


DIGITS DIGITS7 


Specifies the number of digits to be output. 


* * * * DIM DIMA(10) ,DOG(5, 10, 10) 
The dimension statement altocates storage for each user 
variable. 


1F A=10 THEN GOTO 2000 
ELSE 

When the most recently executed IF condition is false, the 
ELSE statement is executed. 


END terminates program execution. 


NOTE: С = Configurable POWER BASIC II, Е = Evaluation POWER BASIC 
D = Development POWER BASIC, % = Denotes availability of feature 
U = University BASIC 
# = аск supported by interpreter but not available to target 
system 
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TABLE 6-1. POWER BASIC STATEMENTS 


CDEU Example/Explanation 


# EQUATE EQUATE NAM,A(9,5);B5,B(5) 
The specified simple variable is assigned the value of the 
second variable. 

жж ERROR ERROR 1000 
ERROR allows user to trap program errors. User can specify 
a subroutine that will be called via a GOSUB statement when 

an error occurs by calling a specific line in a program. 


* * * ESCAPE 


ESCAPE enables the esc key to interrupt program execution. 


3900553 FOR І-17020 STEP2; Тһе FOR statement is used with the NEST 
statement to open and close a program loop. Both identify 
the same control variable. The FOR statement specifies the 
control variable and assigns the starting and ending value, 
as well as the increment between those values (STEP). 


A=FRA(B) 


Return the fractional part of the expression. 


GOSUB2000 


Transfer program execution to an internal POWER BASIC 
subroutine beginning at the specified line number. See POP 
and RETURN for two methods to exit from the subroutine. 
Subroutines may be nested to 20 levels (Evaluation POWER 
BASIC accepts 10 levels). 


* * * ¥ GOTO G0TO300 Transfer program execution to the specified line 


number or label 


IF...THEN 


IF І-0 THEN І-4::00Т0200 
Causes conditional execution of the statement(s) following 
THEN. Statements following THEN execute of TRUE condition. 


IMASK8 


Set interrupt mask of TMS 9900 microprocessor to specified 
level. 


IRTN IRTN 


Return from interrupt subroutine. 


X # # INPUT INPUT 1,$B 


The input statements prompts the user from the terminal 
using а "?". The user can then enter numeric and string 
values from the keyboard. 


LETA=B*4 
А-ВҰЦ 
Evaluates and assigns values to variables or array elements 
The LET is optional. 


* * Æ NEXT NEXT 


NEXT tests the end of à FOR loop. It delimits end of FOR 
loop. The sim-var must match the FOR control variable. 
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TABLE 6-1. POWER BASIC STATEMENTS 


CDE U| syntax| Example/Explanation 


NOESC disables the escape key 


ONTHEN GOTO 
GOSUB 
ON I THEN GOTO100,200, 300 
ON J THEN GOSUB500,600,700 
Multibranch statement that transfers control to a line 


number or subroutine depending on the value of the interval 
expression. 


OVLY "NEWVOL", 240 к 
Overlay feature works in host and target systems to permit 
user to accomodate memory restrictions. Allows user to 


split program into parts which are accessed by the line 
number where that part is located. 


POP 


Removes from the GOSUB stack the last pushed return address 


without an execution transfer. Useful for exiting nested 
Subroutines. 


PRINT РЕТМТА, В, $NAM 


Print (without formatting) the evaluated expressions to the 
terminal device. 


RANDOM RANDOM4*MEM( OFDOOH) 


Set the seed of the random-number generation to the 
evaluated expression. 


READA, $B, C, (0), $D(0) 


Assigns values from the internal data list to variables or 
array elements 


REC Вб,"РАТВЕВВТ" 


Defines Pascal-type record structure and allocates memory 
space for it. 


REM comment lines for documentation. Inserts comment lines 
into program. 


RESTOR RESTOR 
RESTOR 40 


RESTOR without a parameter resets pointer to the beginning 
of DATA sequence,while RESTOR with a parameter resets 
pointer to specified line number. 


* * RETURN RETURN 


Return from BASIC subroutine. RETURN also removes top 
address from GOSUB staok. 
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TABLE 6-1. POWER BASIC STATEMENTS 


Example/Explanation 


A=SGN(B) 
Returns: 
1 if expression is positive 
0 if expression is zero 
-1 if expression is zero 


# SGN 


SPEC "NEWVOL", "RB8RII" 
Associates a component software routine name with a 
parameter sequence 


SPOOL2TOA 
Directs unit output specified by expression 1 to logical 
unit number (luno) specified by expression 2. 


STOP 
Terminate program execution and return to keyboard (edit) 
mode. 


Formats output into columns 


A=TAN(B) 
Tangent of expression (in radians). 


TIME11, 18,30 
Start the 24-hour time-of-day clock and set the time of the 
specified expressions values to hour minutes and seconds. 


TIME 
Output the clock time as HR:MN:SD to the terminal device. 


TIME TIME$A (0) 
Stores current clock time into specified string variable. 


Allows sound capability 


UNBLD R6,Z 
Accesses the variable's value which is returned by the 
component software routine. 


UNIT3 
Designate the device(s) to receive all printed output. 


6.4.6 РОМЕН BASIC Commands 


POWER BASIC commands direct and control system operations. Commands cause 
immediate computer interaction thereby allowing operator control. Commands 
may only be entered one per line and may not be entered into a BASIC program. 
POWER BASIC commands may be abbreviated to the first three letters of the 
command name, and all letters must be entered in upper case. Table 6-2 lists 
the set of POWER BASIC commands. 
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TABLE 6-2. POWER BASIC COMMANDS 


CDE U| Syntax] Example/Explanation 


ж # CONtinue CONTINUE 
Resume execution starting from the last break in the 
progran. 


LlST 
List the user's POWER BASIC program from a specified line 
number or in its entirety. 


LIST 10-100 
Selectively lists the user's POWER BASIC program. 


LIST 


LOAD 
Heads a previously recorded POWER BASIC program from 733 
ASR digital cassette. 


LOAD 


LUAD2 
Heads a previously recorded POWER BASIC program from audio 
cassette drive number 1 or number 2. 


LOAD 05000H 
Sets the lower RAM memory bound used by POWER BASIC after 
auto-sizing at power-up. Sets the higher RAM memory bound 
in Configurable POWER BASIC. 


LOAD''DSC2: PROCESS /CNT" 
Reads a previously recorded POWER BASIC program from 
Specified pathname. 


NEW 
NEW clears current user programs including variables, 
pointers, and stacks, and prepares for entry of new 
program. 


NEW 0А000Н 
Sets the lower RAM memory bound used by POWER BASIC after 
auto-sizing at power-up. Sets the higher RAM memory bound 
in Configurable POWER BASIC. 


NUMBER 200,20 
Specify starting line number and increment value for 
auto-line numbering. 


PROgram Program current POWER BASIC application program into EPROM. 
Available only with knhancement Package (TM 990/452D). 


PURGE 200 TO 400 
Delete specified range of POWER BASIC statements from user 
program. 


onfigurable POWER BASIC II, E 
evelopment POWER BASIC, Ж 
niversity BASIC 


Evaluation POWER BASIC 
denotes availability of feature 
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TABLE 6-2. POWER BASIC COMMANDS 


Example/Explanation 


RUN 
Begin program execution at the lowest line number. 


SAVE 
Records a POWER BASIC program onto a 733 ASR digital 
cassette. 


SAVE1 
Records a POWER BASIC program or audio cassette drive 
number 1 or number 2. Available only with Enhancement 
Package (TM 990/452D). 


SAVE" FILENAME" 
Records a POWER BASIC program to the specified pathname. 


SIZE 
Display current program size, allocated variable space, and 
available memory in bytes. 


STACK 
Display the return line numbers which were pushed on the 
GOSUB stack. 


SOURCE 
Display number of bytes that will be stored if the current 
program were saved. 


COLOR 


COLOR <exp> 


* JOY JOY (EXP) 


* MODE MODE <exp> {,<ехр> | 


% MOVE MOVE «exp» or MOVE <exp>,<exp>,<exp? 


* PATTERN PATTERN «exp»,«string» 


` * PLOT PLOT «exp», {<exp>} , {<ехр>} 


* SPRITE SPRITE <exp>,<string> or ӨРБІТЕ <exp>,<exp> |, <exp>} 
SPRITE <ехр>,<ехр>,<ехр> 


ж VDP VDP ( «expl» ) = <exp2> ог «var» = VDP «exp» 


6.4.7 Edit Mode Commands 


An advanced editor is contained in POWER BASIC to aid in program writing, 
editing, and debugging. The editor uses the following special control 
characters. Note that the phrase "(ctrl)" indicates that the user holds down 
the control key while depressing the key corresponding to the character 
immediately following. The EDIT MODE commands for Configurable POWER BASIC 
use terminal dependent control keys and are listed in Table 6-3. Note that no 
editing functions are supported after a program is configured. 
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TABLE 6-3. POWER BASIC EDIT MODE COMMANDS 


Example/Explanation 


(Ck) 
Enter last line typed into program source 


хх (CR) 


(сегі)іп (etrl1)I! 


Insert n blanks 


(ctrl)Dn (etr1)D4 


Delete n characters 


(etr1)H (ctr1)H 


Backspace 1 character 


(ctrl)F (ctrl)F 


Forward space 1 character 


ln(etrl)E 100(ctr1)E 
Display source line indicated by line number (1n) for 


editing. 


(ctrl)! (ctrl)T 


Toggle from one partition to the other partition. 


(esc) 


Cancel input line or break program execution. 


(Rubout) 
or (DEL) 


Backspace and delete character. 


ln EDIT 100EDIT 


Display source line indicated by line number (1n) for 
editing. 


* INS CHAR (INS CHAR) key 
Insert character where cursor is placed 


* DEL CHAR (DEL CHAR) key 
Deletes character where cursor is placed 


(——>) (CURSOR RIGHT) кеу 


Moves cursor one space to right 


(«———) (CURSOR LEFT) key 


Moves cursor one space to left 


TAB SKIP (TAB SKIP) key 
Ў Erases characters to right of cursor. 


* RETURN (RETUHN) key 
Terminates input. 


* CMD (COMMAND) key 
Terminates editing sesson. 


* (Shift) 9 Cancel input line or break program execution. 
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TABLE 6-3. POWER BASIC EDIT MODE COMMANDS (cont) 


CDE U|Syntax | : Example/Explanation 


(Shift) M Backspace 
Е (Shift) J Initiate automatic line numbering (increments of 10) 
2 (Shift) V Moves keypad display left 6 spaces 
s (Snift) W Moves keypad display left by 1 space 
5 (Shift) Y Moves keypad display right 6 spaces 
(Shift) Z Moves keypad display right by 1 space 


6.4.8 POWER BASIC Functions 


Table 6-4 lists operators that are valid in the POWER BASIC language and where 


appropriate to University BASIC, it is indicated by an % to the left of the 
explanation. 


TABLE 6-4. POWER BASIC FUNCTIONS 


ABS (exp) 


% Absolute value of expression. 


(string value) Returns decimal ASCII code for first character of 


string variable. 


(exp) Arctangent of expression in radians. 


(var, exp) 


Reads or modifies any bit within a variable. 


Returns а 1 if bit is set and 0 if not set. 
Selected bit is set to 1 if assigned value is 
non-zero and to zero if the assigned value is zero. 


(var ,exp1)=exp2 


(exp) 


Cosine of the expression in radians. 


(exp) # Reads CRU bit as selected by CRU base + exp. Exp is 


valid for -127 thru 128. 


ж 


Сехр) Reads v CRU bits as selected by CRU base where exp 
evaluates ton. Exp is valid for 0 thru 15. If 


exp=0, 16 bits will be read. 


(exp1)=(exp2) 


Stores exp 1 bits of exp 2 to CRU lines as selected 
by CRU base. Exp 1 is valid for 0 thru 15. if exp 
1-0, 16 bits will be stored. 


(exp) 


Raise the constant e to the power of the evaluated 
expression. 


(exp) 


INP returns the signed integer portion of the 
expression. 


Conditionally samples the keyboard in run-time mode. 


(string) Returns length of the string. 


(exp) Returns natural logarithm of the expression. 
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TABLE 6-4. POWER BASIC FUNCTIONS 


МОН (string1),(string2) 


Returns the number of characters to which the two 
strings agree. 


MEM (exp) 


Stores byte exp 2 in user memory specified by exp 
1. Exp 1 and exp 2 must be in the integer range. 


NYK (exp) 


Conditionally samples the keyboard in run time 
mode. If exp=0, return decimal value of last key 
struck and clear key register. (0 if no key 
struck). IF exp=0, return а 1 if the last key 
struck has the same decimal value as the 


expression. Clear key register if TRUE, else 
return 0 if FALSE. 


RND 


Returns a random number between 0 and 1. 


SIN (exp) 


Sine of the expression in radians. 
SQR (exp) 


Square root of expression. 


SRH (sting1), (string2) 


Return the position of string 1 in string 2, 0 if 
not found. 


SUB Performs a branch and link to the address specified 


in the call, but returns the data in Register 0. 
(Register 0 - Register 4 only should be used.) 


SYS (exp) 


Obtains system parameters generated during program 
execution. Example: SYS(0)=INPUT control 


character, SYS(1)=Error code number, SYS(2)=error 
line number. 


TIC (exp) 


Returns the number of time tics less the expression 


value. One TIC is equal to 40 milliseconds (1/25 
second). 


POWER BASIC language interpreters to meet your requirements for evaluation, 
development, and application are available in economical and versatile packages 
(see Figure 6-1). Table 6-5 lists the POWER BASIC Family. 


FIGURE 6-1. TYPICAL SOFTWARE PACKAGES 
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TABLE 6-5. POWER BASIC FAMILY 


Evaluation Reduced memory version (8K byte) 
POWER designed to offer evaluation 
BASIC tools for exploring POWER BASIC 
applications. EPROM kit executes 
stand-alone on TM 990/101MA 
modules. 


TM 990/450 EPROM device 


TM 990/451D EPROM device Development Expanded memory version (12K 


POWER byte providing capability for 
BASIC design, development, debug, and 
EPROM programming of POWER BASIC 
programs. Executes on TM 990/302 
module interfaced with TM 
990/100MA, 101MA CPU modules. 


TM 990/451-17 800 ВРІ Development Source code. 
Mag Tape POWER BASIC 


TM 990/451-18 1600 BPI Development | Source code. 
Mag Tape POWER BASIC 


ТМ 990/452D EPROM device Enhancement Extends the capability of TM 

Package 990/451. Included is decimal 
print formatting, error message 
printing, audio cassette storage 
and EPROM programming. 


TM 990/452-17 800 ВРІ Enhancement Source code. 
Mag Tape Package 


ТМ 990/452-18 1600 BPI Enhancement Source code. 
Mag Tape Package 


TM 990/469 EPROM device University Subset of POWER BASIC designed 
BASIC to execute on the TM 990/U89 
University Module. 


TMSW 510F-17 800 BPI Configurable Source code. 
Mag Tape POWER BASIC 


TMSW 510F-18 1600 BPI Configurable Source code. 
Mag Tape POWER BASIC 


TMSW 511F-3 Floppy Disc Configurable Fully expanded version including 
POWER complete diskette file support 
BASIC and a configurator program which 
reduces the size of POWER BASIC 
programs for execution. 
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6.5 Microprocessor Pascal System 


Texas Instruments Microprocessor Pascal is a complete high level language 
development system specifically designed for microprocessor applications. 


As an experienced software user and vendor, TI is well aware that producing 
and maintaining reliable software is the major cost in developing a 
computer-based system. As a means of reducing software costs, TI conducted an 
extensive internal study that ultimately chose Pascal as its only "corporate 
approved" programming language for software development. As a result, there 
has been a significant cost decrease for projects that were written in 
Pascal. Some of the primary benefits are listed below. 


® Pascal is a modern block-structured programming language. 


9 The system encourages "top down" design methodology that enables a 
high degree of programmer efficiency. 


o Pascal is rapidly gaining acceptance as an easy-to-learn transportable 
language. 


ө The Microprocessor Pascal system permits ROM resident target system 
operation. 


© Microprocessor Pascal is compatible with TI's new Component Software 
series. 


ө Microprocessor Pascal is the only Pascal that provides concurrency and 
direct bit I/O extensions for realtime microprocessor applications. 


The Microprocessor Pascal system contains the following software features: 


€ Source Editor - specifically designed to create/edit Pascal programs 
and check program syntax. 


€ Compiler - compiles conventional Pascal programs as well TI's 
concurrent extensions to Pascal into intermediate code. The inter- 


mediate code can be executed directly or converted into TMS 9900 
native machine code. 


ө Host Debugger - over fifteen options for tracing variables and 
modifying data. 


9 Configurator - Enables target system to retain only the parts of the 
run time support necessary for program execution. 


ө Native Code Generator - converts Pascal intermediate code into the 
native code for the TMS 9900 family. 


ө Interpretive or Native Code Run Time Support - two types of execution 
provides a speed/memory tradeoff for the designer. 


The AMPL Development Systems necessary to write a Microprocessor Pascal 
program are the 


FS 990/4 - Floppy-disk-based microprocessor development system with 


56K bytes of memory and the 911 or 913 Video Display 
Terminal 


FS 990/10- 64K byte RAM Main Memory 


for meeting minimum system requirements or the 


ТМАМ 9010, 9020, 9040 - hard-disk Multi-AMPL development minicomputers 
with 1 to 8 users and 256K bytes minimum memory. 


Target systems that execute a Pascal program in real-time production environ- 
ment are either the 


e TMS 9900 16-bit Microprocessor chip set, or 


e TM 990 Microcomputer module with memory expansion module. 


A study has found that 60% of total software development costs are incurred in 
three key areas of the software development cycle: design, coding, and 


testing. Pascal was designed to facilitate programming in each of these 
critical areas. 


Design is enhanced because the programmer can divide his application into a 
Series of functional units. Each unit is then understood in terms of the 
inputs it receives and the outputs it produces. This "divide and conquer" 
approaoh also assists the designer in the coding and testing phases. 


Іп addition, most users find Pascal а particularly easy coding language 
because the structure reinforces logical thought-processes. This feature of 
Pascal distinguishes it from assembly language where the programmer is 
distracted from writing his application while manipulating machine level 
operations. Pascal also differs from other high-level languages, such as 
BASIC, FORTRAN, and PL/1, in its suitability for a wide range of applications 
using a relatively small set of key words. 


The testing chore is simplified because each functional unit can be tested 


separately and systematically to verify that it performs all the required 
functions. 


Pascal programs are also easier to maintain because of their inherent 
readability. As a language designed to reinforce good programming practices, 
Pascal programs contain a description of each variable and how it is used 
throughout the program. Each Pascal routine is inherently partitioned to 
dissuade obscure references of jumps to other parts of the program. 


The Texas Instruments Microprocessor Pascal System (TMSW753P, TMSW754P) is a 
complete high level language development system specifically designed for 
microprocessor applications. Microprocessor Pascal is a virtual superset of 
the proposed international Pascal standard, providing several language 
extensions such as concurrent task execution, expanded input/output 
capability, and several library utilities specifically designed for 
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microprocessor applications. The Microprocessor Pascal System offers total 
software facilities from design to debugging - resulting in a dramatic 
decrease in software costs and application development time. 


Microprocessor Pascal is intended for applications on small computers that do 
not have a general purpose, disk-based operating system but do require multi- 
tasking executive support. The language supports structured programming, 
compiler-enforced compatability checks, user-declared data structures, and 
re-entrant code that can be shared among tasks. Language extensions allow 
Multiple sites of concurrent execution (processes), synchronization among 
processes via semaphores and bit 1/0 using the exclusive communication 
register unit (CRU) of the TMS 9900 family. 


A user of the Microprocessor Pascal system develops software using either of 
the following host computer systems: a single-user FS 990/4, a FS 990/10 
floppy disc development system, up to a multi-user ТМАМ 9040 hard disk mini- 
computer. Pascal programs execute on a wide range of Texas Instruments! 


microprocessor-based products, from a 9900 microprocessor chip set to TM 990 
microcomputer modules, to TMAM 9000 minicomputers. 


The Microprocessor Pascal system contains these features: 


e Source Editor 


The Microprocessor Pascal System provides an interactive source editor 
designed to help in the creation and modification of Microprocessor 
Pascal System source files. The editor interacts with the user at a 
video display terminal by displaying a desired portion of the file on the 
screen and allowing a cursor to be moved around within this display. 
Changes may be made to the file simply by typing over the old text with 
the new text, or by adding, moving or deleting complete lines or blocks 
of several lines. The editor helps the user input correct Pascal 
statements by syntax checking the complete file on command. If an error 
is detected, an appropriate error message is given to allow the user to 
correct the error before syntax checking continues. The editor also has 
features which help with the indentation of structured statements. Each 
time a new line is added, the editor positions the cursor to the current 
indentation level. The cursor location is only a suggested indentation 
level; the user can easily reposition the cursor. 


ө Pascal Compiler 


The Microprocessor Pascal System provides a compiler that translates 
Microprocessor Pascal System source code into interpretive code (or 
PCODE). This code may be executed interpretively using the Host Debugger 
or using the interpreter in a target system. This code may also be used 
as input to the Native Code Generator. Interpretive code із character- 
ized by its compact size: a typical application generated in PCODE is 
about half the size of that same application generated in 9900 native 
code. One key advantage of interpretive code is the minimal time required 
to produce an executable system that can be debugged at a functional 
level. However, interpretive code runs somewhat slower than native. The 
Microprocessor Pascal System Compiler processes the full Microprocessor 
Pascal System language and detects syntactic and semantic errors. 
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Native Code Generator 


The Native Code Generator translates the interpretive code from the 
compiler into 9900 native (object) code. Native code is less compact 
than interpretive code and executes approximately five times faster. The 
native code option is provided to satisfy execution-time requirements 
that cannot be met by interpretive code. 


Reverse Assembler 


The Reverse Assembler provides a TMS 9900 family assembly language source 
program that corresponds to an object module generated by the code 
generator. The output of reverse assembler may be directly assembled. 
Submitting an object module to the reverse assembler to obtain the 
assemble language source code allows the user to perform manual optimiza- 
tion when appropriate. The assembly language source code also allows de- 
bugging at the machine language level. 


Executive Run Time Support 


The executive components of the Microprocessor Pascal System are provided 
in two versions that correspond to the output generated by the Micropro- 
cessor Pascal System compiler and the output produced by the Native Code 
Generator. The Microprocessor Pascal Interpretive Executive (MPIX) 
supports interpretive execution of PCODE (produced by the compiler). It 
is generally used for applications for which program compaction achieved 
with interpretation is more important than ‘the associated increase in 
execution speed. The native code run time support library introduced 
here as the Microprocessor Pascal Executive (MPX) supports execution of 
9900 Native Code and is generally used for time-critical applications. 


Host Debugger 


The Microprocessor Pascal System provides an interactive debugger which 
enables the user to debug application systems ata functional level 
(i.e., discover and remove errors that would occur if the application was 
executing on the target system). The debugger supports symbolic 
referencing of routines, files, etc. Statements can be referred to by 
Pascal statement numbers. Breakpoints can be used to stop the execution 
at any point by specifying the Pascal statement number of a particular 
routine. When execution is suspended, the status of the system can be 
examined. Examples inolude the status of each process in the system, as 
well as the values of variables for the process. Data сап also be 
modified if desired. The execution of the system can be traced at 
various levels including the routine entry and exit level, or module 
statement flow level. Target hardware interfaces such as CRU references 
and interrupts may also be simulated in the debugging mode. 


Configurator 


Once a user's system has been compiled and debugged on the host system, 
it is ready to be configured into an object load module for the target 
machine. During this configuration, a simple description of the target 
machine must be given to identify such things as ROM/RAM addresses and 
the location of the target machine's restart vector. The user may also 
inelude his own assembly language interrupt handlers and system crash 
handler at this time. The result of this configuration process is a 9900 
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object load module which may be debugged using AMPL or programmed into 
ROM for execution on the target system. This enables the target system 


to retain only the parts of the run time support necessary for program 
execution. 


Microprocessor Pascal Ordering Information: 


Part Number 


TMSW 753Р-3 


TMSW 754P-4 


TMSW 754P-5 


TMSW 754P-6 


TMSW 754P-7 


TMSW 754P-8 


TMSW 754P-10 


IMSW 754P-77 


Repeat Copy or 
Subscription 
Renewal 

TMSU 7530-3 


TMSU 7540-4 


TMSU 7540-7 


TMSU 7540-8 


TMSU 7510-10 


TMSU 7540-77 


Floppy Disk 


DS 31 Disk 


DS 25 Disk 


DS 50 Disk 


800 BPI 
Mag Tape 


1600 BPI 
Mag Tape 


DS 10 Disk 


DS 25/DS 50 
Add-On * 


Description 


Microprocessor 
FS Systems 


Microprocessor 
DX Systems 


Microprocessor 
DX Systems 


Microprocessor 
DX Systems 


Microprocessor 
DX Systems 


Microprocessor 
DX Systems 


Microprocessor 
DX Systems 


Microprocessor 
DX Systems 


Pascal 


Pascal 


Pascal 


Pascal 


Pascal 


Pascal 


Pascal 


Pascal 


* "Add-on" indicates а DS 25 or DS 50 drive can be drop shipped to TI so that 
the software may be added to the disk pack and be shipped to the customer. 
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6.6 THE REALTIME EXECUTIVE 


The Realtime Executive (TMSW 3308) is a minimal software executive built to 
support applications executing on the 9900 family of microprocessors and TM 
990 microcomputer modules. The Realtime Executive acts as a "software bus" 
between the user's application program and additional software "components" 
available as part of Texas Instruments components software series. Тһе 
Realtime Executive provides a software environment in which the user's 
application and additional software components can interact, just as a 
hardware bus provides an interface through which hardware components interact. 
Like a hardware bus, the Realtime Executive provides component add-on 
capability. For example, additional software components include a File 
Manager and Data Communication Package. The Realtime Executive permits a 
variety of high level language implementations. For example, applications 
programs may be written in Pascal, BASIC, or Assembly language. 


The Realtime Executive contains constructs, routines, and structures that 
permit scheduling of central processor unit (CPU) time, setting of process 
priorities, and synchronization of processes. The Realtime Executive provides 
a software environment that supports concurrent processing. Several 
independent processes execute within this one software environment. Each 
process is a separate sequential program, and the processes are written as if 
they were executing simultaneously. The Realtime Executive divides CPU tine 
between the processes on a priority basis, which is determined by the user. 
One process may be interrupted when another, more urgent, process is ready to 
execute. Each process makes progress over time and all processes appear to be 
executing simultaneously. For the user, this means that a single micropro- 
сеззог can control several related, or unrelated concurrent processes. 


As an example, consider a factory that needs a system to control both a 
manufacturing process and an accounting department. Several machines must be 
controlled simultaneously and numerous accounts must be kept, Such as goods 
produced and consumed, accounts payable, accounts receivable, etc. The 
operator writes a separate piece of code for each machinery and accounting 


process. The Realtime Executive provides the communication between these 
processes. 


The Realtime Executive can be thought of as а "configurable" executive that 
allows the user to build an executive to suit his or her application needs. 
The user can select only those software modules of the executive that are 
needed to execute the task at hand. 


The Realtime Executive has the following features and benefits: 
e Processor Management 


Processes share CPU time and make progress concurrently during the course 
of program execution. A process will execute until it (1) reaches a point 
where required data is needed, (2) a higher priority process becomes 
ready for execution, or (3) the process is completed. A process priority 
is represented by a user-assigned a numeric value. The greatest urgency 
is assigned 0; the least urgent is represented by 32,767. Priority values 
up to 15 indicate device processes associated with interrupts. 
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Interrupt Processing and Control 


Interrupts are hardware-signalled events, usually associated with system 
peripheral or process monitoring devices. When an interrupt occurs, the 
processor halts its present operation and services the device that caused 
the interrupt. When the device has been serviced, the processor 
continues the action it was performing prior to the interrupt. As 
mentioned previously, interrupts are designated by priority values 
between 0 and 15. Тһе TMS9900 CPU implements this priority ranking system 
to resolve conflicts between simultaneous interrupts and has a level mask 
to disable lower priority interrupts. 


Re-Entrancy in Code 


Re-entrancy is a property of code that allows multiple activated copies 
or calls of a code module to be executing at the same time. These 
activations execute independently of each other, causing modifications 
of separate data though using physically the same code. This allows, for 
example, many users to execute the same text editor, though working on 
different texts (data). For the user, this can mean savings in memory 
requirements and programming steps. 


Realtime Clock Servicing 


Clock management routines measure time events or insure specific time 
delays between processes in the user's system. The clock is set to 
increment in 10-millisecond units and will wrap around every 49.71 days. 


Semaphore Creation and Management 


Semaphore is the fundamental mechanism for the synchronization of 
processes. The semaphore сап be thought of аз representing some event оп 


which processes synchronize to insure proper order of operation and 
allocation of resources. 


Dynamic Process Creation 


A process is a collection of procedures, functions, and data which 
perform an independent operation concurrently with the scheduling and 
execution of other processes. It is independently scheduled and may 
interact with other processes or with the executive as necessary during 
execution. Proceses may create other processes within the system. 


Configurable to Conserve Memory Requirements 


The user can customize the Realtime Executive, fitting the system to his 
other application requirements. The user produces a load module that 
includes the application routines and those processes, procedures,and 


functions supplied in the Realtime Executive Library that will enable the 
application to execute. 


Standalone Resident Debugger 


The debugger is designed to be included in the target system software to 
aid in system testing and/or locating system errors. After the software 
has been debugged, the debugger can be removed from the system to reduce 
target code size, or it can remain with the application to assist in 
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field-testing or other software maintenance. 
e Supported by the Advanced Microprocessor Prototyping Laboratory (AMPL) 


AMPL provides hardware and software tools enabling the user to perform 
realtime debugging with in-circuit emulation capabilities (i.e., execu- 
tion in the target monitored by the host development system). 


Figure 6-2 illustrates the relationship of the Realtime Executive to Micro- 
processor Pascal. The Realtime Executive is provided with the Pascal System 
and is also available as a separate assembly language product. 


PASCAL RUNTIME SUPPORT 
10K BYTES 


PASCAL 
LANGUAGE 
SUPPORT ASSEMBLY LANGUAGE SUPPORT 


2K BYTES 


DEBUG 
ROUTINES 


INTRINSIC 
FUNCTIONS 


6K BYTES 


THE 
REALTIME 
EXECUTIVE 


6K BYTES 


THE 
REALTIME 
EXECUTIVE 


TMSW 753P TMSW 330R 


FIGURE 6-2. 9900 FAMILY SOFTWARE RELATIONSHIP OF REALTIME EXECUTIVE 
TO PASCAL EXECUTIVE 


Realtime Exective Ordering Information 


Repeat Copy or 
Subscription 
Renewal Description 


TMSW 330R-3 TMSW 330U-3 Floppy Disk Realtime Executive 

TMSW 330R-4 TMSW 3300-4 DS 31 Disk Realtime Executive 

TMSW 330R-5 -- DS 25 Disk Realtime Executive 

TMSW 330R-6 -- DS 50 Disk Realtime Executive 

TMSW 330R-7 TMSW 3300-7 800 BPI Realtime Executive 
Mag Tape 

TMSW 330R-8 "МИ 3300-8 1600 ВРІ Realtime Executive 
Mag Tape 

TMSW 330R-10 TMSW 330U-10 DS 10 Disk Realtime Executive 

TMSW 3308-77 TMSW 330U-77 DS 25/DS 50 Realtime Executive 
Add-On 
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6.7 COMPONENT SOFTWARE 


At a fraction of what they would cost you to write, TI's new Component 
Software Series provides a library of statements common to most programs. You 
Select only those functions you need, then combine them with the unique soft- 
ware for your application. Result: your savings ean be more than two-thirds 
the cost of writing a typical application program. 


TI's Realtime Executive, the interface for the Component Software, serves, 
in effect, as a "Software Bus". For less than 6K bytes, it handles the 
executive functions such as system initialization, concurrent process 
synchronization (multiprogramming), interprocess communication, interrupt 
linkage, memory management, and priority scheduling. 


The software bus is illustrated in Figure 6-3. Figure 6-4 illustrates the 
relationship of component software to user applications software; the design 


of the Realtime Executive makes the Component Software independent of the 
application language. 


APPLICATIONS PROGRAM 


REAL TIME EXECUTIVE 
(PASCAL STANDARDS AND CONVENTIONS) 


| USER 
FILE 


AS 2 TEC 19-4 APPLICATION OTHER 
i QUIC COMPONENT 


FIGURE 6-3. SOFTWARE BUS 
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FIGURE 6-4. COMPONENT SOFTWARE LANGUAGE INDEPENDENCE 


6.7.1 Component Software: File Manager (ВхЕМ) 


Applications using mass storage are quickly designed with the (Rx) File 
Manager Package. The File Manager creates and manipulates data or program 
files on hard disks, floppies, bubble memory modules, and mini-floppies. The 
minimum application requires 2K bytes of memory. Storage allocation and 
deallocation are controlled dynamically. A variety of tables, such as the 
file directory, keep track of the location of the stored data. The recording 
techniques supported include both the IBM single and double density standards, 
and the TI double density technique. The ТМ 990/303A Floppy Disk Controller 
Module provides the hardware support for different applications needs using 
the File Manager. Translation functions are provided between RxFM file format 


and the TXDS and TX5 operating system formats. Users have the option to 
create any number of formats for the data. 


File Manager modules that can be selected includes: 


Disk (volume) initialization 
Selectable number of files 

Cataloging by file (VOLUMEN AME . FILENAME ) 
Data access by file name and byte displacement 
On-line file creation and deletion 
Dynamically extended file allocation 
Read/write protection 

File copy utility 

File concatenation utility 

Backup and compression utility 

Fixed and variable record formats 
Controller self-test 
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Texas Instruments File Manager (TMSW 340F) is a set of procedures supporting 
file operations for the TM 990 family of microcomputers. These procedures 
comprise a File Manager product consisting of various components. These 
components can be combined to form File Manager packages of different levels 


of complexity. Thus, the user is provided with the opportunity to build his 
File Manager system to fit his own application needs. 


Execution of Texas Instruments File Manager procedures requires the run-time 
support of an executive environment. The executive provides control of the 
software's execution in a computer system including control of CPU usage, 
Memory usage, routine calling conventions, data structures, etc. Run-time 
support is available for native code execution and interpretive (PCODE) 
execution within the Microprocessor Pascal System and for native code 
execution of assembly language in the Realtime Executive. 


NOTE 


The Assembly Language programmer must comply with specific coding 
conventions in order to utilize the required run-time support. These 
conventions are explained in detail in the Realtime Executive User's 


Manual (MP373) and in the Microprocessor Pascal System User's Manual 
(MP351). 


File Manager Ordering Information 


Repeat Copy or 
Subscription 


Renewal Description 


TMSW 340F-3 TMSW 340U-3 Floppy Disk 
TMSW 340F-4 TMSW 340U-4 DS 31 Disk 
TMSW 340F-5 See -77 DS 25 Disk 
TMSW 340F-6 See -77 DS 50 Disk 


File Manager 
File Manager 
File Manager 
File Manager 


TMSW 340F-7 TMSW 340U-7 800 BPI File Manager 


Mag tape 
TMSW 340F-8 TMSW 340U-8 1600 BPI 
Mag tape 
TMSW 340F-10 TMSW 340U-10 DS 10 Disk 
TMSW 340F-77 TMSW 3400-77 DS 25/DS 50 
Add-on 


File Manager 


File Manager 
File Manager 


6.7.2 Component Software: 


HDLC Data Communications 
(Coming Soon) 


The HDLC Datacom package can easily join from 2 to 32 computer systems into a 
single network. Larger networks are possible through shared communication 
modes. The line to each processor is on a twisted-pair line common to all. 
The stations on the link can be a mixture of TM 990 microcomputers, Multi-AMPL 


systems, floppy-based FS 990 computers, or a variety of HDLC-compatible 
industrial systems. 


The HDLC protocol software defines operation of primary station and secondary 


station interface. One primary station controls the flow of information to 
and from the secondary stations. 
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6.7.3 Component Software: EIA Data Communications 
(Coming Soon) 


Applications using more than one microprocessor can communicate over EIA links 
with the software modules contained in the EIA Datacom package. File transfer 
routines or regular port-to-port communications can be chosen, and the user 
links in the device service routines that may vary with different hardware. 


Major features of the EIA Datacom are: 


Assemble language interface 

Protocol independent messages 

High and normal priority messages 
Independent multiple process communication 
Reception error flags 

Echo or no echo capability 

Full and half duplex operation 

Local or remove initiated communications 
Flexible port configuration 
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6.8 Cross Support 


The TMS 9900 Transportable Cross Support package is designed to work with any 
minicomputers (see Section 6.8.2 for details). It is composed of three 
distinet products: 9900 Cross Assembler, Simulator, and ROM Utility. The 
package is manufactured on i inch, 9 track PE encoded (IBM compatible) 
Magnetic tape recorded at 1600 and 800 BPI. The tape will be unlabeled, 
unblocked, with 80 ASCII bytes per data record and will contain 131 files. 
The first file on the tape is a data file which contains: 


a) A one-time descriptor for each file on the tape 


b) A bill of materials (to verify that the complete package has been 
received), and 


с) An errata list of problems and known solutions for the software version 
on that tape. 


Each file on the tape is terminated by an EOF mark except for the last file 
which is terminated with a double EOF to indicate end-of-logical tape. 


Ineluded in the shipping package is a User Manual for each of the three 
programs and an Installation Manual covering each of the three programs 
(4 manuals, total). à 


6.8.1 9900 Cross Assembler Description 


The TMS 9900 Assembly Language source is translated by the 9900 Cross 
Assembler into relocatable linkable TMS 9900 object module format. Both the 
source input and the object output are fully compatible with the FS 9900 


Prototype Development System and TMS time-sharing services (GE TERMINET, NCSS, 
and TYMSHARE). 


6.8.2 Operating Environment 


The programs are written to conform to ANSI STANDARD X3.0 (1966) 16-BIT 


FORTRAN and are designed to execute on any minicomputer with the following 
Minimum characteristics. 


1) ANSI STANDARD X3.0 (1966) 16-BIT FORTRAN COMPILER 

2) Two's complement arithmetic 

3) Disk capacity for up to 7 simultaneously active sequential files 
4) A 20K word user program memory partition 


To date, the package has been extensively tested on the TI 990/10 under 


DX10V2.2, DEC PDP11/10 under RSX-11M (FIN IV PLUS), and System 370/168 under 
MVS. 
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6.8.3 TMS 9900 Simulator Description 


The Simulator is patterned after and affords extensions to the TMS 9900 
Simulator on GE TERMINET, NSCC and TYMSHARE. Object modules generated by the 
cross assembler along with "link-control" statements are input to the first 
stage of the simulator. The output from this stage is an absolute, 
non-relocatable load module, plus simulation/debug control statements to the 
second stage of simulation. This stage may be operated in "batchmode" or 
interactively (e.g., the simulation/debug control stream is entered to the 
simulator from a Keyboard/Display device). In this second phase of simulation 
the user's program logic is verified and the program's performance 
characteristics are ascertained. Performance parameterization is supported 
for considerations such as target system clock speed, memory characteristics, 
and I/O part descriptions. Debug features include multiple breakpoints, full 
instruction trace and snapshots, plus the normal inspect/modify for CPU 
registers. All program references may be made symbolically, using symbols 
defined in the user's source progran. 


6.8.4 ROM Utility Description 


When the application program has been satisfactorily verified, the object 
module may be input to the ROM Utility Program for translation into a format 
acceptable for production of a gate placement program (preparatory to mass 
Production). Alternatively, the utility may be used to generate a BNPF 
formatted file which may be input to a PROM programmer (DATA 1/0, etc.) to 
Produce a PROM version of the program. In all, there are 12 acceptable input 


formats and 12 output formats in support of the TMS 1000 and the TMS 9900 
microprocessors. 


Cross Support Ordering Information 


Repeat Copy or 
Subscription 
Part Number Renewal Description 


TMSW 101T-17 800 BPI 16-Bit Cross Support 
Mag tape 

TMSW 101T-18 1600 ВРТ 16-Bit Cross Support 
Mag tape 
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6.9 DEMONSTRATION SOFTWARE 


Optional demonstration software is available for verifying the correct 
operation of the TM 990 family of board products. This software has two 
principle purposes which include giving the user a way to determine if his 
board is working properly and providing, via the source listing, an example of 
how to program the board. 


The software is provided on TMS2716 EPROM chips which can be plugged into the 
EPROM memory areas on the ТМ 990/ 100MA, 101MA, etc. microcomputer board or the 
TM 990/201 memory board. This software is executed under the TIBUG monitor and 
uses the 1/0 utilities provided by the monitor. An assembly listing of the 
demo software is provided as part of the software package. 


The software is completely position independent in that it can be plugged into 
any location on the address map (except those locations which are reserved 
such as TIBUG workspaces, interrupt vectors, or load vectors). The entry 
point is the first address occupied by the EPROM module. The 4K block of RAM 
сап start on апу ШК memory boundary except those used by TIBUG and the 
demonstration software. 


ө ТМ 990/421A Demonstration Software for the TM 990/310/311 1/0 Modules 


ө ТМ 990/422 Demonstration Software for the ТМ 990/201/206 Memory 
Expansion Board 


ө TM 990/425 Demonstration Software for the ТМ 990/303A Floppy Disk 
Controller 


ә ТМ 990/426 Demonstration Software for the TM 990/306 Speech Module 


ө TM 990/427 Demonstration Software for the TM 990/307 Communication 
Expander 


ө ТМ 990/428 Demonstration Software for the ТМ 990/308 Industrial 
Communications Module 


ө TM 990/429 Demonstration Software for the TM 990/314 GPIB Module 


e TBS 431 Demonstration Software for the TM 990/210 Series Bubble Memory 
Module 


e ТЕ 990/433 Demonstration Software for the TM 990/1481 High Performance 
с 
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SECTION 7 


DEVELOPMENT SYSTEMS 
7-1 GENERAL 


The TM 990 series is supported by a family of software development systems, 
ranging in capability from a standalone CPU board, the TM 990/U89, to hard 


disc development systems with universal emulation for the 9900 family 
microprocessors. These systems include: 


ө ТМ 990/U89 University Board 


ө ТМ 990/302 Software Development Board 
ө AMPL Microprocessor Prototyping Laboratory (FS 990 based) 
° 


Multi-AMPL Development Systems (DX 990 based) 


The TM 990/U89 University Board provides a low cost standalone capability to 
generate TMS 9900 code in assembly language. Its features are described in 


section 2.5.4. The features of the other development systems are described in 
following sections. 


7-2 TM 990/302 SOFTWARE DEVELOPMENT MODULE 


A software development system is shown in Figure 7-1. It consists of a CPU 
module, power supply, audio cassette, software development board and EPROM 
programmer personality card. The end algorithm is generally related to 


industrial control with less than 500 lines of code and 10 to 20 target 
systems in production. 


The heart of this low-cost software development system is the TM 990/302 
Software Development Board; typical power requirement is +12V @ 132 mA, -12V 8 
55 mA, +5V @ 830 mA and 35 to 55V 6 80 mA. This module is used for developing 
assembly language software to be used on 990/9900 family microprocessor based 
System. The TM 990/302 provides dual audio cassette interfaces, both static 
RAM and ROM memory, and hardware circuitry to aid in the programming of 
read-only memory devices. Used in conjunction with either the TM 990/ 100MA or 
TM 990/101MA CPU modules, the TM 990/302 provides a conplete standalone 
Software development system offering support for program generation, editing, 


assembly, debugging, and EPROM programming. The TM 990/302 provides the 
following features: 


е Dual or Single audio-cassette interface 


e EPROM programming options: TMS 2716, TMS 2708, TMS 2532, TMS 2516, 
TMS 2508 


Optional Power BASIC development software residing in ROM (12K bytes) 
e 2K x 16 RAM 


Memory expandibility for additional performance (ТМ 990/201, ІМ 990/206, 
TM 990/203 memory expansion boards) 


MICROCOMPUTER 


BOARD CABLE WITH 


ТМ 990/518 
POWER SUPPLY 


ТМ 990/518 
POWER SUPPLY 


Q a 
TM 990/302 BOARD 


AC LINE 
ТМ 990/508 VOLTAGE 


MICROCOMPUTER TO CABLE 


TERMINAL CABLE 


AUDIO CASSETTE UNITS 


FIGURE 7-1. SOFTWARE DEVELOPMENT SYSTEM 


ө Software development aids residing in ROM 


Symbolic Assembler 
Text Editor 

EPROM Programmer 
Relocating loader 
I/O Scheduler/Handler 


Debugger 
€ Uplink to AMPL Development Systems, Host Microcomputers 
€ ЕТА communication with other computers 
1.2.1 


Software Development 


Figure 7-2 is a typical software development cycle using the TM 990/302 
Software Development board. 


7.2.2 Source Text Editing 


The text editor provides the means for initial source code entry or program 
update. Initial source inputs will be from the user's terminal. Source 
programs on audio cassette will be updated with changes made from the user's 


terminal. The size of the text editor buffer is determined at initialization 
as a function of the total RAM. 


INITIAL INPUT 
EDITING 


TEXT 
EDITOR 


ASSEMBLER 
ERRORS 
? 


NO 


SOURCE TAPE 


SOURCE INPUT 
OBJECT OUTPUT 


LISTING, 
ERRORS 


OBJECT INPUT 


INTERACTIVE 
CONTROL OF 
EXECUTION 


PROGRAM 
WORK 


YES 


PLACE EPROM 
IN TARGET. 
SYSTEM. 


FIGURE 7-2. TYPICAL SOFTWARE DEVELOPMENT EXECUTION 
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The text editor operates on the source code text in a line mode. 


Text editor 
commands with their respective functions are: 


D Delete lines n thru m 


т Insert at line п with optional line-number auto-increment by ш 


K Keep (store) buffer and print new top line in the buffer 

P Print lines n thru m 

Q Flush the input file until end of input file and return to 
executive E 

R 


Resequence output line numbers, giving the initial line number and 
the increment 


To ereate or update the source program, the text editor provides manipulation 
of individual lines of code. The designer may delete, insert, print and 
resequence text from his keyboard. The text editor handles programs of any 
length by segmenting the source code into "buffer" blocks. It controls buffer 
loading and storage into cassette-tape memory. The buffer is enlarged by 


plugging in memory-expansion cards, which also expand the amount of target 
system memory available for execution. 


7.2.3 Assembling Source 


The next step in program development is a two pass assembly of TMS 9900, SBP 
9900, TMS 9940, TMS 9980 instruction sets into absolute standard 9900 object 
code. This two pass assembler allows four-character symbolic addressing. The 


assembly listing output, including error messages, is routed to a user chosen 
device. 


7.2.4 Debugging 


Seven debug commands aid program development after the loader program puts 
the assembled object into memory. Multi-step trace, software breakpoints and 
data inspection/changes are featured. 


Debug Commands: 


SB Set software breakpoint and execute 
IM Inspect/change memory 
ІС Inspect/change CRU 


IR Inspect/change registers 


RU Run program & trace conditional jumps 


ST Single step for 1 or more instructions 


DM Dump memory to specified cassette in object format 
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7.2.5 EPROM Programming 


After debug, the EPROM programmer can be invoked to program EPROM's, read back 
EPROM's into memory, or compare EPROM contents to memory. Byte and word 
serial formats are available. ‘he EPROM programmer is able to program the 
following EPROM's: TMS 2708, TMS 2716, TMS 2516, TMS 2532, TMS 2508. 


7.2.6 Ordering Information 


TM 990/302 SOFTWARE DEVELOPMENT MODULE. Includes assembly language development 
firmware and dual audio cassette cable. 


TM 990/451D DEVELOPMENT POWER BASIC option. 


TM 990/452D DEVELOPMENT POWER BASIC Enhancement Package. 


TM 990/508 AUDIO CASSETTE CABLE. Replacement cable for the one shipped with 
TM 990/302 module. 


ТМ 990/514 EPROM PROGRAMMING ADAPTOR. For TMS 2708, ТМ5 2716 EPROM devices. 


TM 990/515 EPROM PROGRAMMING ADAPTOR. For TMS 2508, TMS 2516, IMS 2532 EPROM 
devices. 


ТМ 990/518A POWER SUPPLY. Provides all voltages required by ТМ 990/302 
module. 


7.3 Е5 990-AMPL MICROPROCESSOR PROTOTYPING LAB 


The AMPL lab, a complete set of software and hardware development tools for 


TI's 16-bit 9900 family microprocessors and TM 990 microcomputer modules, is 
intended to reduce development to a minimun. 


The TI FS 990/4 or FS 990/10 minicomputers with floppy diskette mass storage, 
(See Figure 7-3) provide the computing power to write programs in assembly or 
high-level languages. The program development and hardware debug is 
controlled through the AMPL debug language which is a high-level language with 
predefined commands. The AMPL debug language also allows the user to create 


his own setup, test, and display procedures for his particular target sytem 
needs. 


High level language options for Microprocessor Pascal, POWER BASIC, and 
Fortran provide additional time savings in program development. The 
capabilities needed for a complete development lab are all provided in the 
AMPL lab. Every feature contained in the AMPL lab is field proven. 


FIGURE 7-3. FS 990 BASED AMPL SYSTEM 


The elements of an AMPL system include: 
ө tIn-Circuit Emulation Support 
e Logio-State Trace 
e AMPL Software 


ө PROM Programming 


7-6 


In-circuit emulation support permits development and debugging directly on a 
ТМ 990 module while monitoring and controlling the operation from AMPL. 


Logic-state trace features interactive on-line control and analysis to provide 


fast data reduction and programmable emulation control based on the results of 
this analysis. 


AMPL software, a high level language, has design features that simplify 


orientation for the new user yet provide extensive flexibility and support for 
the experienced user. 


PROM programming implements target system memory in PROM and EPROM. 


AMPL's interactive process makes it easy to identify and implement design 
changes. Result: substantial savings in design time and cost. 

7.3.1 In-Circuit Emulation Support (See Section 7.5 for more details.) 

The TMS 9900 in-circuit emulation feature includes the TMS 9900 emulator, TMS 
9900 buffer, and TMS 9900 target connector. This feature allows the TMS 9900 
microprocessor-based system design engineer to test his target system by 
utilizing the dedicated 4096 words of emulator memory and the TMS 9900 
microprocessor emulator. All functions of the proposed system can be 
tested including input/output, and benchmark data can be tabulated. 


TMS 9900 emulation is designed to aid the design engineer through each stage 
of his prototype implementation. Emulation control provided by the FS 990 
System allows the design engineer to step through the developed code, setting 


breakpoints and instruction traces to start/stop tests at desired points 
within his code. 


Two significant advantages included in the emulation feature are the use of 
dedicated emulator memory and the ability under interactive software control 
to switch back and forth between target system memory and emulator memory. 
The dedicated 4096 16-bit words of emulator memory provides a significant 
speed advantage over systems which utilize host system memory on a cycle- 
Stealing basis. The faster, dedicated emulator memory allows emulation to 
occur unimpeded at normal target system clock rates. The 9900 emulator is 
designed so that this dedicated memory can have precedence over target system 
memory so that even after target system memory is implemented, 9900 code 


changes can be quickly evaluated and tested before implementing this change in 
target system ROM/PROM. 


7.3.2 Logic-State Trace 


The logic-state trace feature adds a dramatic new dimension to the integration 
and checkout of the target system. 


The FS990 system trace/emulation features interactive on-line control апа 


analysis to provide fast data reduction and programmable emulation control 
based on the results of this analysis. 


The trace feature can be interconnected with the emulator module or it can 
utilize the general-purpose Trace Data Probe. When interconnected to the 
emulator, the design engineer can trace 256 events of both address and 16-bit 
data. The Trace Data Probe provides 20 individual logic-line trace probes. 
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These probes сап be used by the design engineer to trace any TTL logie lines 
desired in his target system. The sampling rate can be controlled by a 
10-megahertz internal clock or by an external clock up to 10 megahertz. 


Of the 20 trace probes, 4 have a special glitch latch feature and can detect 
noisy pulses down to 10 nanoseconds in width. 


In addition to the 20 trace data probes, ! general-purpose trace clock 
qualifier probes are provided to allow the user to prequalify trace conditions 
based on logic-state conditions within his target system. By using the 
interactive programming features within the host FS990 system, the design 
engineer can define procedures and functions to automatically process incoming 
trace data from these events, perform data reduction looking for defined 
conditions, display or print only the desired results, or branch into other 
emulation/trace procedures. For example, the design engineer can set 
qualifying conditions and start trace and emulation in a continuous cycle 
while looking for those random troublesome noise glitches. Upon detecting a 
glitch, the trace/emulation cycle can be programmed to pause momentarily, 
analyze and print conditions, and then continue the trace/emulation sequence 
looking for the next glitch. This feature can mean tremendous savings in 


manpower and design checkout time since the full speed and power of the 990 
computer is processing the problem. 


1.3.3 AMPL Software, An Interactive Control Language 


The operator interface to the TMS 9900 emulation and the logie-state functions 
is provided by AMPL software, a higher level language executing within the 
FS990 system. This interactive microprocessor prototyping language unifies 
the diverse 9900 prototyping support capabilities into a user-oriented system. 
AMPL software has designed-in features to simplify orientation for the new 


user, yet provides extensive flexibility and support for the experienced user. 
AMPL software features include: 


e Block-structured concepts and simple, concise syntax 
e Straight forward interactive evaluation and display of expressions 
e User- and system-defined procedures and functions 


e Interactive display/modification of target memory with instruction level 


assembly and conversion from internal binary to assembly instruction 
mnemonics 


ө Symbolic target system debug 


e Dynamic processing of traced data collected by the emulator and trace 
modules 


ө Batch-like execution through predefined disk resident sessions 


The user-defined procedural and functional support provided by AMPL software 
allows the user to develop standard support tasks for emulation, debug, and 
trace data evaluation which can significantly ease the microprocessor 
application design efforts. 


7-3-4 РВОМ and EPROM Programming 


The PROM utility is an interactive program that executes in the background 
partition. The utility supports TTL PROMs, TMS 27XX series EPROMs, and TMS 
25ХХ EPROMs. The programmable module has three personality panels available 


that configure the module for all of the TI programmable ROMs. Тһе hardware 
available is listed in Table 7-1. 


The PROM programming commands control four fundamental steps in creating 
custom read-only memories. Once the programming utility is initialized, the 
data transfer is directed to and from the PROMs and EPROMs as follows: 


1. А memory buffer is loaded from either a data file or an existing PROM 


device. The data file can be in a 9900 standard object format or ina 
BNPF format. 


2. The contents of the memory buffer can be displayed and modified if 
necessary. There are commands to invert memory order, reorder bits, 
mask off bits, and complement the data. 


3. Тһе PROM or EPROM receives the proper signals to program the specific 
device selected by the user. 


ц. The programmed device is verified against the data in the memory 
buffer. 


Each of the commands involved are fully prompted so that the utility is easy 
to learn and to interface with. 


TABLE 7-1. PROM PROGRAMMER HARDWARE 


Item/Part Number Prom Device Types Supported 


Programming Kit;  TMAM 6022 All 


Bipolar PROM Adapter; ТМАМ 6023 TBP 1854030, TBP 14510, TBP 18S030, 
ТЕР 14SA10, TBP 18SA22, TBP 18522, 
TBP 18542 


Bipolar PROM Adapter; ТМАМ 6055 TBP 288166, TBP 24581, TBP 24SA81, 
TBP 18SA!2, TBP 24S41, TBP 24SA41, 
TBP 28586, TBP 281,86, TBP 28SA86 , 
TBP 281,22, TBP 2852708 


MOS EPROM Adapter; TMAM 6056 TMS 2508, TMS 2516, TMS 2532, TMS 
2564, TMS 2758-0, TMS 2758-1 


MAS EPROM Adapter; ТМАМ 6024 TMS 2708, TMS 2716, TMS 27108, 
12704, 12708 


MOS EPHOM Erase Kit; ТМАМ 6025 All MOS EPROMs 


1-9 


7.3.5 Standard Kits and Options 


The FS990/4 system includes 990/4 with 24K 16-bit words of memory, dual 
floppy-disk drives, Model 911 Video Display Terminal, TX990/TXDS system 
software license, one-year software subscription service, hardware 
installation within the continental United States, and programming and user 


manuals. The system is mounted in a single-bay equipment desk (34 inches deep 
by 31 inches high by 54 inches wide). 


7.3.5.1 Microprocessor Pascal Option 


Microprocessor Pascal contains all of the software features described in 


Section 5.5 The software option includes a one-year subscription service 
within the license cost. 


7.3.5.2 Е5990 FORTRAN IV Option 


FS990 FORTRAN is a valuable aid to the design engineer for statistical, 
benchmark and other engineering scientific support. The FS990 FORTRAN meets 
the American Standard FORTRAN IV (X3.9-1966) requirements. 


The FS990 FORTRAN is structured to provide the design engineer capability to 
utilize FORTRAN subroutines within his target system. Output of the FORTRAN 
compiler can be defined to produce 9900 object which can be linked into other 
TMS 9900 code for implementation into the target system. 


This option includes FS990 FORTRAN software object license and one-year 
software subscription service. 


7.3.6 AMPL Products Ordering Information - Floppy Disk Only 
(See Section 7.5.5.6 for Hard Disk Multi-AMPL systems) 


PRODUCT PART NUMBER 
Computer: 


01 FS 990/4 Single Bay Desk System 0940031-0011 
02 FS 990/10 Single Bay Desk System 0940032-0011 


Programmers: 06 Required, remainder optional 


03 TMS 9940 Programmer Kit TMAM 6057 
oy PROM II Adapter (TBP "2" Series) TMAM 6055 
05 EPROM II Adapter (25XX Series) TMAM 6056 
06 PROM Programmer TMAM 6022 
07 PROM Adapter (TBP "1" Series) TMAM 6023 
08 EPROM Adapter (27XX Series) TMAM 6024 
09 EPROM Erase Kit TMAM 6025 


Expansion Memory 


10 990/4 Parity Memory Module (8K) TMAM 2003 


7.4 TMAM 9000 AMPL DEVELOPMENT LAB 
(Coming Soon) 


The new systems announcement for the TMAM 9900 is expected in April. The TMAM 
9900 is a new AMPL development lab with performance improvement and modular 
design. It is a tabletop unit with the following features: 


e CPU integrated with keyboard and 12-inch 1920 character Video Display 


e Includes 2.2 Megabytes storage on 2 double-density double-sided (DSDD) 
floppy disk drives 


e Tabletop floppy disk unit 
ә ТІ 810 printer interface included 
™ 

e Custom interface to external AMPL Station included 

e 64K bytes RAM 

ө ТМАМ 9000 AMPLUS Software Systems 
Use of a high speed double-density disk interface results in excellent system 
performance. The system will be supported with Pascal, Configurable BASIC, 
and Component Software series. 
Added peripheral options come as separate items to support AMPL emulation, 810 
printer, and PROM programming. The 810 printer connects directly to one of 
the ЕТА ports provided with the TMAM 9000. The CRU bus extends to ап AMPL 
station which includes a new concept for TI. The emulator, trace module with 


accessories, and emulator memory expansion are all packaged into a tabletop 
chassis configuration. The AMPL stations will include: 


TMAM 6001 - TMS 9900/9900-40 AMPL Station - 56K Expansion Memory 
TMAM 6002 - TMS 9980/9981 AMPL Station - 8K Expansion Memory 
TMAM 6003 - SBP 9900 AMPL Station - 56K Expansion Memory 


ТМАМ 6004 TMS 9940/9940E AMPL Station 


7.8.1 ТМАМ 9000 AMPLUS Software System 
(Coming Soon) 


Software development for Texas Instruments microprocessors is easier and 
faster with the new AMPLUS* Software System running on the floppy-based AMPL* 
(* AMPLUS and AMPL are trademarks of Texas Instruments Incorporated) proto- 
typing labs (see Figure 7-4). The AMPLUS software system is a prepackaged 
software tool kit that offers engineers and programmers unprecendented ease of 
operation and flexibility. Designed to be implemented on a standard AMPL 
hardware configuration, this kit can be loaded from a single floppy disk and 
be run immediately. 


The keyboard and display are designed to interface smoothly with the operation 
and are structured around comprehensive menus showing available functions. 
Each time a command is entered from the console, a self-explanatory prompt in 
the form of a simple menu allows the input of command operands or optional 
control data. Other interactive features increase productivity and lessen the 
learning period. 


Great care has been taken to include features that are similar to those 
employed by main frame computer systems in the industry. In addition, AMPLUS 
manages and edits files using the same commands developed for TI hard disk 
development systems. Thus, the AMPLUS software retains all the highly refined 
features that are a product of years of mini-computer software experience. For 
example, the text edit functions for "find a string" (of alphanumeric 
characters), "replace string", "move lines", "copy lines", "insert file" - are 
all standard with the AMPLUS system. The following are key features contained 
in the AMPLUS software system: 

e Highly interactive operating system 

€ AMPL high-level debug language 

ө AMPL procedures library on separate diskette 

e TMS 9900 family assembler 

e Powerful text editor 

e Text formatting language for document processing 

ө Link editor utility 

ө File manager with directory organization 


e File protection capability 


e Double-sided, double-density file transformation to and from TXDS 
(single-sided, single-density) format 


e  EPROM and PROM programming utility 

e System menus and prompting for all command operands 

e Preconfigured software for standard TMAM 9900 AMPL labs 

e Single diskette, load-and-go software system 

ө Microprocessor Pascal and Configurable BASIC available as an option 
7.4.2 TMAM 9000 Configuration Guide 


The following is a list of products and their part numbers. 


PART NUMBER 


System: 


01 Single User Desktop AMPL TMAM 9000* 


% Includes AMPLUS System Software 


TMAM 9000 Configuration Guide, continued 


PRODUCT PART NUMBER 


AMPL Station: If 1 of items 2 to 5 is chosen, then skip to item 20. 


02 TMS 9900/9900-40 AMPL Station ТМАМ 6001 
03 TMS 9980/9981 AMPL Station TMAM 6002 
oy SBP 9900 AMPL Station TMAM 6003 
05 TMS 9940/9940E AMPL Station TMAM 6004 


AMPL Station Add-ons: If one of items 2 to 5 was not chosen, the system needs 
item 12, an emulator and a buffer. Item 6 requires item 7, and item 8 
requires one of 9, 10, or 11. 


06 TMS 9940 Emulator Kit TMAM 6005 
07 TMS 9940 Buffer Module TMAM 6006 
08 TMS 9900/9980A Emulator Kit TMAM 6007 
09 SBP 9900 Buffer Module TMAM 6008 
10 TMS 9900/9900-40 Buffer Module TMAM 6009 
11 TMS 9900A/9981 Buffer Module TMAM 6010 
12 6-Slot Chassis, Host Data Link, Power Supply TMAM 6011 


Enclosure 


Logic-State Analyser: Optional 


13 


Trace Module Kit 


Emulator Expansion Memory: Choose 1 


14 TMS 9900/9980 Emulator Expansion (8K) TMAM 6016 
15 TMS 9900 Emulator Expansion (56K) TMAM 6017 


Target Connectors: Spares 


16 TMS 9900/9900-10 Target Connector TMAM 6018 
17 TMS 9980A Target Connector TMAM 6019 
18 TMS 9981 Target Connector TMAM 6020 
19 SBP 9900 Target Connector TMAM 6021 


Programmers: 20 or 21 required, remainder optional 


20 EPROM Kit (contains 21, 23, 24, 25, 26) TMAM 6058 
21 PROM Programmer Kit TMAM 6022 
22 PROM Adapter (TBP "1" Series) TMAM 6023 
23 EPROM Adapter (27XX Series) TMAM 6024 
24 PROM II Adapter (TBP "2" Series) TMAM 6055 
25 EPROM ІІ Adapter (25XX Series) TMAM 6056 


26 EPROM Erase Kit 


Printer & Accessories: For TMAM 9000, add 1 printer 


27 810 Printer TMAM 7010 
28 810 Extension Cable (50 ft) TMAM 5002 
29 810 Extension Cable (100 ft) TMAM 5003 


30 810 Printer Ribbon (Box of 6) 


7.5  MULTI-AMPL DEVELOPMENT SYSTEMS (DX 990 BASED) 


An entire team can now develop software and hardware simultaneously using a 
single system. The hard-disk Multi-AMPL systems allow as many as eight 
program designers to work at the same time. You eliminate software investment 


per user by maintaining a single data base. You cut program development time 
drastically and achieve the lowest cost per user. 


There are three configurations of the Multi-AMPL System (see Table 7-2) from 
which to choose, and each is a complete set of software and hardware 
development tools. The Multi-AMPL System provides 


e Multiple processor emulation 


e Concurrent multi-task operations including compiling, assembling, 
debugging, editing, and printing 


e Data and address trace and breakpoints 
e A high-level AMPL debug and test procedure language 
e EPROM and PROM programming 
e Microprocessor Pascal and FORTRAN languages supported 
The modular AMPL Station" is the key to system capability and flexibility. 


Each user can have his own station with independent access to the computer 


via video terminal. The trace module with 10 MHz capability is the invaluable 
companion for faster, easier design. 


TABLE 7-2. MULTI-AMPL PACKAGED SYSTEMS 


TMAM 9010 TMAM 9020 TMAM 9040 


Main Memory (bytes) 256K 256K 320K 


Total Dise Storage 
(formatted bytes) 


No. of Disk Drives 


Fixed Dise Storage 
Removable Dise Storage 
(bytes) 


No. of Terminals Included 


Software 
Multi-AMPLUS 0.5 
Macro Assembler 
Bun Uti taty Included in 
Diagnostic СІ ЕТІ 
Text Editor 
Link Editor 
PROM Programming Utility 
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Included in all systems: AMPL Station link installation, system generation, 
tuition for RTC training, 90-day warranty on parts and labor, 1-year software 
update service. 


The Multi-AMPL System supports TI's pioneering 16-bit 9900 family of 
microprocessors and the TM 990 series of microcomputer modules. The TM 9900 
family employs a common instruction set as well as the advanced 
memory-to-memory architecture found in the Multi-AMPL System minicomputer. 
This unmatched compatibility assures that your investment in a Multi-AMPL 
System will remain valid tomorrow and that the code you write today will apply 
to future TM 9900 microprocessors incorporating the latest developments in 
16-bit technology. 


1.5.1 Multi-AMPL Packaged Systems 
7.5.1.1 ТМАМ 9010 System 


This basic Multi-AMPL system provides the capacity for two users to 
assemble, edit, and compile one of the optional high-level languages, or run 
one AMPL debug without performance degradation. Typically, two tasks run 
simultaneously. Since the system supports disk overlays into dynamic memory 
regions, more tasks can be running with the system controlling the most 
favorable turnaround. The additional AMPL Station and printer required for 
two-person use are simply plugged into the basic system. 

This pretested, prepackaged system includes 


256K byte central processor 

9.4M byte dual disk drive, including a 4.7M byte removable disk pack 
1920 character, 12 inch diagonal video display with keyboard 
Multi-AMPLUS interactive disk system software 

AMPL debug high-level language 

Interactive screen editor 

9900 Family macro-assembler 

Link editor and PROM programming utilities 

Diagnostic software 

Software link for additional VDT, one printer, and AMPL Station 
Hardware link for additional 2.4M byte drive, AMPL Station, and one 
VDT 

Enclosure for CPU and disk drive, 115V power supply, chassis, cables 
Installation and one day on-site training by TI consultants 

One week training course at the nearest TI Regional Training Center 
Complete documentation for all components and system operation 


Available options for more efficient use of the system are: 


AMPL Station or selection of several emulators 

Logic analyzer kit 

Emulator expansion memory 

PROM programmer kit 

Pascal or FORTRAN high-level language 

File Manager or Realtime Executive Component software 
Line printers 


NOTE 


For the TMAM 9010, Pascal and FORTRAN may not run simultaneously. 
Disk access is available for one added high-level language. 
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7.5.1.2 ТМАМ 9020 System 


This system accepts two to four users. It is the basic system enhanced with a 
secon 9.4M byte disk storage unit on a pedestal cabinet. There are two VDT's 
and two keyboards. The software and hardware included in the ТМАМ 9010 System 
is incorporated into this system and has additional expansion features. The 
software accommodates four users without modification. 


The TMAM 9020 System handles two compiler tasks or two AMPL station debug 
sessions in parallel with two assemble, edit, or other system utilities. The 
TMAM 9020 options for emulation, PROM programming, and high-level languages 


are the same as the TMAM 9010. Training, documentation, and installation are 
included in the purchase price. 


7.5.1.3 ТМАМ 9040 System 


The TMAM 9040 system has four VDT's and four keyboards, giving it the capacity 
to handle eight users and several AMPL station. Main memory contains 320K 
bytes for the most efficient performance. Mass storage requirements are met 
by two 44.7M byte formatted, removeable disk units. Іп addition to emulation 
emulation and high-level language options, the TMAM 9040 system has the 
following expansion options to meet a variety of needs: 


ө Up to four more VDT's and keyboards 
ө One or two line printers 


e Up to four AMPL stations 


Standard software, installation, support, and documentation are covered in the 
system cost. 


7.5.2 Multi-AMPLUS Software Support 


The key to greater productivity at a lower cost is the sharing of resources by 
several users. Іп Multi-AMPL Systems, such resources as line printers, mass 
storage, and emulation are managed through TI's Multi-AMPLUS System software 
which allocates memory in RAM to handle a variety of tasks. The system first 
logs on a user with an identification code and a password, then presents the 
user with menus describing all of the possible system commands. The following 


sections cover the tools which the Multi-AMPLUS System contains on one system 
disk. 


7.5.2.1 AMPL Debug High-Level Language 


The AMPL language controls the emulation of target application programs, 
setting breakpoints, defining data or address comparison events, data and 
address trace, as well as direct target system 1/0, and memory manipulation. 
These functions are programmable in a high-level language using interger and 
Boolean mathematics. The Pascal constructs included are capable of repetitive 
sequences and decision-making. The AMPL language reads emulator and trace 
conditions, allowing a program to test and act upon target application events. 


The program can be saved and invoked later through a user-defined name as a 
procedure or as a function. 
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7.5.2.2 AMPL Procedure Library 


The most commonly needed debug sequences are already programmed in the AMPL 
Procedure Library. Тһе varying conditions for emulation and trace are 
controlled with inputs prompted through the procedures. A "HELP" procedure 
tells new users how to start. A logic analyzer procedure displays data in 
20-channel oscilloscope format. Procedures are easy to use because they 
contain the default values and list the available options. 


7.5.2.3 PROM Programmer 


The utility to program bipolar PROM and MOS EPROM is included in the software 
system. The utility provides bit manipulation and program verification as 
well as programming in a variety of formats. 


7.5.2.4 9900 Family Macro Assembler 


All of the 9900 Family components are programmed with the same assembly 
language instructions. One assembler handles all microprocessors. In addition 
to accepting the standard instruction set, the macro assembler provides 
conditional assembly, string manipulation, binary data access in the symbol 
table, and macro instruction assembly. The macro assembly instructions can 
refer to a library of macro statements created by the programmer for often- 
repeated instruction sequences. The conditional assembly capability allows 
instruction sequences to be assembled based upon results of an assembler 
arithmetic or logic expression. The assembly language program can be broken 
into modules which are relocated by the link editor into memory space. 
Executable program code, data tables, and common data segments are identified 
by the assembler which permits the linker to organize the same type of code 
into contiguous memory spaces. 


7.5.2.5 Multi-AMPL System Software 


Totally interactive, the Multi-AMPL System software puts every designer, 
experienced or not, in easy control of the complete software project. The 
beginning user can list commands available on menus. Each command input 
responds with a second set of menus describing the required responses. The 
prompts issued are for file names, line numbers, optional processing choices, 
peripheral devices, and other variables upon which the system acts. 


e The system File Manager creates directories for the many files stored. 
The directories are then copied, listed, and managed as groups of data 
as easily as a single file content. 


ө The Text Editor is the designer's most powerful aid in writing source 
programs. Great care was put into providing the screen editing 
commands and cursor controls which reduce the effort in writing code. 


ө Utilities incorporated into the comprehensive Multi-AMPLUS System 
include a Link Editor, system utilities for scheduling password and 
log-on security ID's, system generation for equipment or software 
additions, terminal/system messages, date and time functions, and 
others. 


ө The development system includes a diagnostic package which prevents 


maintenance problems from affecting users. The system log and 
recovery information files assist in system boot should the power or 
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equipment fail. 


Each software system is generated to your specifications. The software system 
May include a choice of high-level language compilers or software component 
libraries. Тһе software and hardware configurations selected are integrated 
and tested by TI analysts before the system is shipped. 


7.5.2.6 Multi-AMPL Software Options 
1.5.2.6.1 Microprocessor Pascal System 


TI's high-level Microprocessor Pascal System is intended for TMS 9900/ТМ 990 
application programs requiring ROM and RAM partitions, as well as interrupt 
and direct 1/0 processes. The Microprocessor Pascal System is a complete 
package with compiler, interpreter, and run-time support. A special debugging 
package eliminates syntax errors during editing. The host debugging package 
permits testing without a target system, and a set of AMPL debugging 
proceduers tests the software when emulation is underway. Microprocessor 
Pascal is described in Section 6.5 of this catalog. 


1.5.2.6.2 FORTRAN 


The FORTRAN compiler is an enhanced version of the ANSI standard X3.9-1966 
high-level language. The compiler and user-called functions are contained in 
a run-time library which can be reentrant if desired. The compiler produces 
code with several debugging or optimization options such as: Conditional 
compilation, debug trace compilations, free format, production of assembly 
language source, and symbol cross reference. 


The FORTRAN language includes a number of extensions to the ANSI standard, as 
well as recommended ISA extensions: 


Video Display Terminal Handler 

Direct access 1/0 

Control of delayed or immediate execution 
Logical, bit string, bit test, and set operations 
File open, closing, creation, and deletion 
Character string operations 

I/O to direct access unformatted files 

Time and date functions 


7.4.2.6.3 Realtime Executive 


A multi-tasking executive, the Realtime Executive manages reentrant programs 
running in the multiprogram environment and has independent processes sharing 
a single microprocessor. Processes can be prioritized to interrupt when the 
Executive recognizes a higher priority process. An application program 1s 
appended to the Executive without special modification. Thus, the constructs 
to control an application program in the multiprogramming mode are transparent 


to the user's code segments. The Realtime Executive is described in Section 
6.6 of this catalog. 


7.5.3 Emulation and System Debug 
7.5.3.1 АМРЬ Station (See Table 7-3) 


Multi-AMPL Systems provide emulation and trace functions through the AMPL 
Station which includes the following: a remote chassis with emulator, buffer 
module, memory expansion module, target connector cable and socket, control 


link to main CPU, connecting cables and documentation, and an optional trace 
module with accessories. 


The emulation and logic analyzer modules are essential to achieving the 
quickest possible design turnaround. The emulators exercise the target 
application without the need for programming the code into ROM's and the trace 
module records the results for analysis. Since the TI emulation kits contain 
separate emulator memory from the main CPU memory, the code can execute 
without target system memory at full specified frequency (no wait states). 
The emulator module contains an address-trace buffer in order that addresses 


can be traced at the same time the logic analyzer module traces the data bus 
or 20 bits of any TTL-compatible signals. 


The AMPL Station can be placed on a lab bench for easy access to the prototype 
under evaluation. Once an initial AMPL Station is installed using the TMS 
9900/99804 universal emulator with either the TMS 900, SBP 9900, or the TMS 
9980 configuration, only additional buffer modules are required to emulate the 


other two processors. The TMS 9940 AMPL Station has a unique emulator and 
buffer which can only be used as a pair. 


9.5.3.2 Emulator Modules 
The TMS 9900/9980A emulator contains: 


8K bytes RAM for target system substitution 

Internal or external clock source 

256 x 20 address trace memory 

Two hardware breakpoints 

Breakpoint qualifiers for read, write, fetch, or all memory access 
Trace qualifiers for specified address range 

Access to all registers and CRU 1/0 target 


The emulator memory, including any expansion memory, had the ability to be 
configured to act as target substitution RAM and ROM in 128-byte segments. 
Write protection prevents memory segments designated as ROM from being 
modified during program execution. The user has the additional choice between 
target RAM in 128-byte segment. These mapping features extend over the entire 
target memory range. The address trace contained on the emulator modules does 
not affect the speed of execution while operating. 


The TMS 9940 emulator module has the same features as the TMS 9900/9980 
emulator except for 23-bit width for 255 address trace steps, unlimited break- 


points (one per memory address), full memory emulation, 2K byte ROM, and 128 
byte RAM. 
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TABLE 7-3. AMPL STATION PRODUCTS 


TMS 9900, 9900-40 AMPL Station ТМАМ 6001 
includes: TMAM 6007, 6009, 6011, 6012, 6017, 6018 


TMS 9980/9981 AMPL Station TMAM 6002 
ineludes: TMAM 6007, 6010, 6011, 6012, 6016 


SBP 9900 AMPL Station TMAM 6003 
includes: TMAM 6007, 6008, 6011, 6012, 6017 


TMS 9940 AMPL Station TMAM 6004 
includes: TMAM 6005, 6006, 6011, 6012 


AMPL STATION ACCESSORIES/ADD-ON OPTIONS 


TMS 9940 Emulator TMAM 6005 


TMS 9940 Buffer Module TMAM 6006 
TMS 9900/9980 Universal Emulator TMAM 6007 
SBP 9900 Buffer Module Kit TMAM 6008 


ТМ5 9900, TMS 9900-40 Buffer Module Kit TMAM 6009 


TMS 9980A, TMS 9981 Buffer Module TMAM 6010 


AMPL Station 6 Slot Chassis, Host Data Link, TMAM 6011 
Power Supply, Enclosure 


Trace Module Data Probe and Accessory Kit TMAM 6012 
8К byte Emulator Expansion Memory TMAM 6016 
56K Byte Emulator Expansion Memory TMAM 6017 


SPARES: 


TMS 9900/9900-40 Target Connector TMAM 6018 
TMS 9980A Target Connector TMAM 6019 
TMS 9981 Target Connector TMAM 6020 
SBP 9900 Target Connector TMAM 6021 


7.5.3.3 Logic State Trace Module 


The trace module provides the functions of a typical laboratory logic 
analyzer. Because the host system and the AMPL debug language control the 
various modes of operation, the functions are obtained at a much lower cost 
the the conventional approach with a separate instrument. The AMPL commands 
сап display the traced data іп a variety of formats, including horizontal 
oscilloscope display of 20 signals. The trace module operates either the 
emulator trace mode or the TTL level general-purpose trace mode. The emulator 
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trace mode includes: 


Full-width data bus trace, 20 x 256 bits 

Breakpoints on variable-width data patterns 

Breakpoint on specified data patterns at a given address 
Breakpoint delay until a specified number of events occur 
Post-breakpoint tracing by programmable delay 


In the general-purpose trace mode, the data can be collected from any 
TTL compatible signals by use of the trace data probes. The standard trace 
kit includes a data probe with clip-on leads to connect to any signal. An 


included accessory kit has IC socket, spring-loaded clips to read up to 20 
Signals directly from device leads. 


The emulator trace mode uses a short data cable connection between the 
emulator module and the trace module. In the general-purpose trace mode, the 
emulator is disconnected and a data probe is attached with a six-foot cable. 
The signals that can be used in the trace module include 20 data channels, 
four trace qualifiers, external clock up to 10 MHz, and trace event trigger. 


Signals can be traced at the 10 MHz rate (100 ns resolution), or they can be 
traced in syne with the system clock. The system clock frequency can be set 
by the emulator or with the target system clock through the external clock 
lead on the trace probe. Synchronizing with the system clock and selection 
trace data qualifiers makes the best use of the 256 x 20 trace memory space. 


To debug noise-related signals or logic glitches, there are four trace inputs 
programmable as "glitch catchers". A glitch catcher captures a pulse as 
narrow as ten nanoseconds and holds it for the next sample clock. 


Every system designed with the use of these logic-state trace functions will 
save engineering time. The features are easily controled by the commands and 


preprogrammed AMPL procedures. The trace module is highly recommended as an 
addition to the standard AMPL Stations. 


7.5.4 Peripherals 
7.5.4.1 Model 911 Video Display Terminals 


The model 911 VDT is the standard teminal provided with Multi-AMPL Systems. 
The expansion terminals may be added in single units or pairs. A pair of 
terminals is driven by a single controller module. Kits are provided for 
adding a VDT to an existing controller, or adding a controller with two VDT 
and keyboards. Each VDT comes with a 16.4-foot (5 m) cable, and can be 
extended with a 100-foot (30.4 m) cable if specified with the system. 


Features of the model 911 VDT are: 


High resolution 

1920 character display 

12-inch diagonal screen 

Upper and lower, 96 character ASCII set, 5 x 7 matrix 
Keyboard cable connected 

Ten-key numeric pad 

Bight function keys 

Full cursor controls on individual keys 

32 7 x 10 graphic symbols 
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7.5.4.2 Model 810 Printer 


The optional Model 810 is available in a kit which includes the controller 
module, 30-feet (9.44 m) cable, a paper tray, and a 150-character-per-second 
impact printer. The printer features 


Wire-matrix printhead 

Automatic perforation skipover 

6 or 8 lines-per-inch spacing, software selected 
10 or 16.5 characters per inch, software selected 
EIA RS232-C serial interface 

Off-line test mode 

Form feed from bottom or back of printer 


7.5.4.3 High-Speed Line Printers 


A TMAM 7002 line printer with 600 line-per-minute capability is available from 
Ti. This higher throughput is especially suited to development systems having 
four to eight users. The 600 line-per-minute printer may stand alone or be 
added to a 810 printer for even greater throughput. 


7.5.4.4 Accessories 
Extra-length cables and other special items can be ordered for delivery with 
the system. Terminal tables, AMPL Station tables, extra disks, paper, and 
items required for site preparation should be ordered through local suppliers. 
Table 7-4 summarizes the available system accessories. 

TABLE 7-4, TERMINAL EXPANSION-PRINTERS-ACCESSORIES 


Part Number 


810 Matrix Printer with Paper Tray, Printer Stand, TMAM 7001 
Controller Module, and Cable 


Line Printer Kit, 600 LPM TMAM 7002 


911 Expansion Display and Keyboard TMAM 7003 


911 Expansion Display, Keyboard, and Dual Controller TMAM 7004 


(2) 911 Displays, (2) Keyboards, and Dual Controller TMAM 7005 
810 Printer Extension Cable 50 feet (15.2 m) TMAM 5002 


810 Printer Ribbon (6 per box) TMAM 5004 


911 VDT Extension Cable, 50 feet (15.2 m) TMAM 5022 


7.5.4.5 PROM and EPROM Programming 
The Multi-AMPL system may be equipped with PROM programming hardware for most 


PROM or EPROM devices. The PROM programming capability is identical to the 
single-user AMPL Utility described in Section 7.3.4. 
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1.5.5 Installation, Warranty, and Service 
7.5.5.1 Power Requirements (See Table 7-5) 


Multi-AMPL Systems require a dedicated power source to avoid downtime and 
costly maintenance caused by noise and power fluctuations. The power lines 
from the transformer to the computer can not be shared with any type of 
motors, lighting, air conditioning, or office equipment. Each system should 
have a circuit breaker box with a distribution point near the computer. The 
safety ground at single point, less than 0.5 ohms to true earth ground, is 
absolutely essential. All outlet grounds in the computer room must connect to 
the same point where the transformer ground joins the earth ground. No other 
ground lines should be attached to the computer room grounds. Conduits are 
not acceptable as an earth ground, and the earth connection should carry 
enough current to assure that the breakers will trip in the case of a ground 
fault. A single-point power shutoff switch with individual circuit breakers 
should be installed for easy maintenance and may be required by local safety 
standards. Circuit breakers able to withstand the startup current for disk 
drives should be installed for each individual drive. The disk drives have 
special requirements because of heavy currents that may cause line voltage 
fluctuation. Power requirements for 810 printers, VDT, and other test equip- 
ment are not severe enough to require individual breakers. The equipment can 


be installed on convenience outlets as long as total breaker capacity is not 
exceeded. 


Typically, +10% line fluctuation on 120 Vac lines can be accommodated by the 
Multi-AMPL Systems as long as steps are taken to separate data cables from 
power cables, and the computer cables are not close to other equipment cables. 


Abnormal power fluctuations can occur for a number of reasons, such as heavy 
equipment on other company circuits, unusually long service lines from main 
distribution, or natural causes. If the problem is severe, additional 


isolation, regulation, or separate transformer installations should be 
considered. 


TABLE 7-5. ELECTRICAL REQUIREMENTS 


Exclusive 
Voltage | Freq Starting | Nominal | Outlet 
+ 10% +.5Hz Current Running | Required 


30" Cabinet 120 Vac 
AMPL Station 120 Vac 


9.4 MB Drive 120 Vac 


911 VDT 115 Vac 
810 Printer 120 Vac 


44,7MB Disk 120 Vac 26 А 
Drive (12 sec) 


TMAM 7002 120 Vae 
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7.5.5.2 Space and Environment Requirements (See Table 7-6 for physical 
dimensions). 


Proper installation must provide for adequate maintenance spacing, air flow, 
cable routing, and stable flooring. Тһе permanent installation is best done 
With raised flooring having removable tiles for convenient access to cable 
routing out of the way of pedestrians. Alternately, cable can be routed 
through wall-mounted cable troughs. If cables must be run on the flooring 
Surfaces, a cable bridge ramp will reduce traffic hazards. Good electrical 
techniques using cable suspension, ties, lacing, and bushings should be 
followed to avoid dangerous flexing, pinching, or friotion. 


TABLE 7-6. PHYSICAL DIMENSIONS 


30 25.5 32.3 


T 25.5 32.3 In Crate 


Weight (Approx) 


340 lbs 


30" Cabinet 


AMPL Station 


9.4MB Drive 
and Pedestal 


18.5 29.6 252 lbs 


911 VDT 


20 27.5 20.4 lbs 


810 Printer 


32 (with tray) 55 lbs 


4} . TMB Drive 
and Pedestal 


33 265 lbs 


TMAM 7002 


26 370 


To eliminate instability or damage to the 50MB drives from vibration, these 
high-speed units should be mounted on a solid surface. The pedestal can be 
supported by solid blocks if thick carpeting or mats are on the floor. The 


disk drive feet can also be mounted in holes cut through carpeting to a solid 
surface. 


Table 7-7 gives environmental requirements. Best performance and reliability 
are obtained at a 50% relative humidity, 72° Farenheit (22°C), and in a non- 
corrosive, dust-free environment. If cooling capacity or air circulation is 
not sufficient in the computer room to handle heat dissipation, steps should 
be taken before installation to satisfy air conditioning needs. 


Additional safeguards against static charge buildup, smoking around disk 
drives, foods, or liquids should be established. Air filtnation is designed 
into the disk drives but will not withstand a continuous influx of dust, 
smoke, or humidity over 80%. A serious amount of damage, a head crash for 
instance, can occur when a contaminant on the disk collides with the head at a 
velocity of more than 100 miles per hour. The head is separated from the 
platter by only 2.5 microns, less than half the diameter of a single smoke 
particle. The extra care taken to assure the cleanliness of the environment 
will repay itself with long, stable system performance. 


The computer system manager should review system needs and obtain the skilled 
assistance necessary for a smooth and reliable installation. The decision and 
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coordination of each step in the layout and expandibility аге important to the 
long term usefulness of the Multi-AMPL System. 


TABLE 7-7. ENVIRONMENTAL REQUIREMENTS 


Unit Operating Heat Relative Humidity 
Temperature Dissipation Ranges 


TMAM 9010 о 90° Е 3806 BIU/hr 20 to 80% 
329 С 


ТМАМ 9020 900 F 5701 BTU/hr 20 to 80% 


32000 


TMAM 9040 1000 F 


389 С 


7368 BTU/hr 80% 


TMAM 9041 60 to 1000 F 8050 BTU/hr 20 to 80% 
380 С 


9.4MB Drive 60 to 900 F 1502 BIU/hr 10 to 80% 
329 С 


44.7MB Drive 60 to 1000 Е 2283 BTU/hr 10 to 80% 
98946 


911 VDT 1040 р 393 BTU/hr 5 to 95% 


цоо С 


810 Ргіпбег 1040 Е 


683 BTU/hr 5 to 90% 
109 C 


ТМАМ 7002 1000 p 2321 BTU/hr 30 to 90% 
Printer 10 to 389 С 


7.5.5.3 Installation and System Generation 


Installation by TI trained personnel is included in the system purchase price. 
The customer is responsible for shipment F.0.B Houston, Texas, receiving, 
inventory, and moving the crates to the installation site. 


The TI Customer Representative will uncrate the system, and after the customer 
verifies the inventory, will proceed with installation. Any damages to the 
equipment should be immediately reported to the shipper and insurance carrier. 
System hookup and thorough diagnostics are performed to ensure functionality 
and then the software ordered with the system is installed. System components 
and the customer-specified configuration have a system software generation 
(sysgen) pretested at the factory before it is shipped. At the customer's 
request, a full day of system generation training wil be provided on-site at 
no extra cost. Additional training is provided at nationwide TI Regional 
Technology Centers with one-week tuition included in the system purchase 


price. Consultation by TI-trained analysts is also available at quoted daily 
rates plus expenses. 
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7.5.5.4 Warranty and Subscription Services 


A limited warranty covers the cost of parts and labor if any defects in 
materials or manufacturing methods require service within 90 days of delivery. 
The system software and options are covered by a subscription service for a 
one-year period after the installation and software are registered. The 
software license agreement, SC-1, and the subscriber return card must be 
completed and returned to TI before the license is in force. The purchaser is 
then entitled to the use of the software and to receive updates. 


A software subscription can be renewed, and repeat copies can be ordered 
through the TMAM 8000 series part numbers. The original configuration is 


recorded by TI and can be reproduced with renewed software containing the most 
up-to-date features. 


7.5.5.5 Maintenance and Customer Services 


Customer satisfaction is the goal of TI factory and field representatives. 
The equipment or maintenence service is dispatched through a nationwide 
computerized network, the TI-CARE* system, with service requests initiated 
through a group of centralized telephone numbers. The problem description, 
location, contact information, and purchase order number are entered into the 
system for action by the nearest Customer Representative. 


If desired, a standard maintance agreement can be established after the 
warranty period ends with service costs handled by an open account. Rates 
vary according to location, service during off hours, and the equipment 
configuration. The District Service Manager can supply an estimate. 


TI provides daily assistance (Monday through Friday) in answering user 
questions through one of three Customer Support Lines: 


Boston: (617) 890-4271 
Chicago: (312) 228-6008 
Los Angeles: (714) 641-2064 


Problems concerning operation, software, or general hardware are fielded by a 
staff of trained software and hardware engineers. Each customer question is 
either answered on the phone or recorded and forwarded to an expert on the 
subject, usually a designer intimate with the equipment or software in 
question. Each call is returned with the information required or the solution 
status. Unsolved problems are reported in engineering staff reviews and may 
have a direct effect on product revisions and new product plans. 


7.5.5.6 Ordering Information 


Multi-AMPL Systems сап be ordered through any Texas Instruments Semiconductor 
Group Field Sales Office or authorized TI Distributor System Center. For 
detailed information on configuration assistance, write 

Microcomputer Marketing 

P.O. Box 1443, M/S 6404 

Houston, Tx 77001 
or call (713)778-6690. 


*Service mark of Texas Instruments Incorporated 
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MULTI-AMPL ORDERING INFORMATION 


PRODUCT PART NUMBER 


System: 


01 
02 
03 


Multi-AMPL (1-2 users) TMAM 9010* 
Multi-AMPL (2-3 users) TMAM 9020% 
Multi-AMPL (4-8 users) TMAM 9010* 


AMPL Station: If 1 of items 4 to 7 is chosen, then skip to item 22. 


04 


TMS 9900/9900-40 AMPL Station TMAM 6001 
TMS 9980/9981 AMPL Station TMAM 6002 
SBP 9900 AMPL Station TMAM 6003 
TMS 9940/9940E AMPL Station TMAM 6004 


AMPL Station Add-ons: If one of items 4 to 7 was not chosen, the system needs 


item 14, an emulator and a buffer. Item 8 requires item 9, and item 10 
requires one of 11, 12, or 13. 


TMS 9940 Emulator Kit TMAM 6005 
TMS 9940 Buffer Module TMAM 6006 
TMS 9900/9980A Emulator Kit 6007 
SBP 9900 Buffer Module 6008 
TMS 9900/9900-40 Buffer Module 6009 
TMS 9900A/9981 Buffer Module 6010 
6-Slot Chassis, Host Data Link, Power Supply 6011 
Enclosure 


Logic-State Analyser: Optional 


15 


Trace Module Kit 


Emulator Expansion Memory: Choose 1 


16 
17 


TMS 9900/9980 Emulator Expansion (8K) 
TMS 9900 Emulator Expansion (56K) 


Target Connectors: Spares 


18 
19 
20 
21 


TMS 9900/9900-40 Target Connector 
TMS 9980A Target Connector 

TMS 9981 Target Connector 

SBP 9900 Target Connector 


Programmers: 22 or 23 required, remainder optional 


22 
23 
24 
25 
26 
27 
28 


* 


EPROM Kit (contains 23, 25, 26, 2T, 28) 
PROM Programmer Kit 

PROM Adapter (TBP "1" Series) 

EPROM Adapter (27XX Series) 

PROM ІІ Adapter (TBP "2" Series) 

EPROM 11 Adapter (25XX Series) 

EPROM Erase Kit 


Includes Multi-AMPLUS System Software. 
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Multi-AMPL Ordering Information, continued 


PRODUCT PART NUMBER 


Video Display & Accessories: For item 1 (ТМАМ 9010) add up to 1 more item 29, 
for item 2 (TMAM 9020) add up to 1 more item 32, and for item 3 (TMAM 
9040) add up to 2 more item 32. 


29 911 CRT and Keyboard TMAM 7003 
30 911 to Display Cable (100 ft) TMAM 5023 
31 911 Display, Key Board, Dual Control TMAM 7004 
32 911 Display (2), Keyboards (2), Dual Control TMAM 7005 


Printer & Accessories: For item 1 (TMAM 9010) add up to 1 printer, for item 2 
or 3 (TMAM 9020, TMAM 9040) add up to 2 printers. 


33 810 Printer and Stand TMAM 7009 
34 Line Printer Kit (600 LPM) TMAM 7002 
35 810 Extension Cable (50 ft) TMAM 5002 
36 810 Extension Cable (100 ft) TMAM 5003 


37 810 Printer Ribbon (Box of 6) TMAM 5004 


SYSTEM SOFTWARE ORDERING INFORMATION 


Repeat Copy or 
Subscription 
Part Number Renewal Description 


TMAM 4004-10 TMAM 8004-10 DS 10 Disk Multi-AMPLUS System Software* 


TMAM 4004-6 -- DS 50 Disk Multi-AMPLUS System Software* 


-- TMAM 8004-77 DS 50 Add-on Multi-AMPLUS System Software* 
TMAM 4001-5 DS 25 Disk AMPL DX 
TMAM 4001-6 DS 50 Disk AMPL DX 


TMAM 4001-7 800 BPI AMPL DX 
Mag Tape 


TMAM 4001-8 1600 BPI AMPL DX 
Mag Tape 


TMAM 4001-10 TMAM 8001-10 DS 10 Disk AMPL DX 


TMAM 8001-77 DS 25/DS 50 AMPL DX 
Add-on 


* Includes AMPL DX 
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SECTION 8 


ТМ 990 SYSTEM SPECIFICATION 
8.1 INTRODUCTION 


The Texas Instruments TM 990 family is a total package of microcomputer 
products designed to provide low cost building blocks for many applications. 
The product family consists of a comprehensive array of microcomputer and 
peripheral modules based on the powerful ТМ 990 system bus, together with а 
wide selection of support hardware such as card cages, power supplies, 
interconnection cables, etc. These products permit the rapid development of 
cost effective IM 990 systems configured to meet the needs of any particular 
application. These ТМ 990 systems are expandable, flexible, and easily 
upgraded if the application requirements change. Any of several TM 990 
software development tools can be used depending on the needs of the 
application. The software can be generated in either assembly language or in 
a high level language such as BASIC or Pascal. 


The TM 990 System Bus provides the standard electrical and mechanical 
interface for interconnection of the various processors, memories and 1/0 
modules of the TM 990 family. Physically implemented on the system chassis 
backplane, the TM 990 system bus consists of a set of 100 signal lines. This 
bus has been specifically designed to offer a high degree of flexibility, thus 
enabling systems designers to define the optimum system configurations suited 
to their particular applications. This flexibility can also be of great 
benefit for established systems in easing the task of reconfiguration should 
system requirements change or when a system upgrade is required to add new 
capabilities. The structure of the bus is such that the bus interface 
circuitry required on each module can be quite simple; this is a particular 
advantage when custom module design is required, and for ease of system check 
out and maintenance. 


8.2 TM 990 BUS DESCRIPTION 
The TM 990 system bus has the following signal group assignments: 


28 lines - power and ground 

19 lines - address bus 

16 lines - bidirectional data bus 

19 lines - control bus 

3 lines - communication register unit bus 
15 lines - prioritized vectored interrupts 


Table 8-1 oategorizes each pin in the TM 990 system bus into one of the above 
bus groups, and shows the signal assigned to each pin. Each signal is defined 
in the appropriate detailed bus group description. 


8.2.1 Definition of Terms 
In describing the TM 990 bus, references will be made to the following terms: 


Primary Processor: A primary processor is a CPU module which does not contain 
bus arbitration logic (it controls the bus), but which does include the 
capability to enter a "hold" state to allow for DMA operations on the bus. A 
primary processor may or may not be resident in any given system configuration 
but only one may be resident in a given system. 
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Secondary Processor: A secondary processor is a CPU module which includes bus 
arbitration logic. Multiple secondary processors may be resident in any given 
system, either with or without a primary processor. 


DMA Module: A DMA module is a module which can access system memory via 
Direct Memory Access (DMA) using either HOLD logic to the primary processor 
and/or bus arbitration with secondary processors and DMA modules to control 
bus access. 


Bus Master: The current bus master is defined as the module in control of the 
bus (i.e., driving the address lines). A primary processor, secondary 
processor, or DMA module may be a bus master. 


1/0 Module: Ап 1/0 module is an input/output module which cannot be a bus 
master. 1/0 can be either memory mapped, parallel 1/0, or Communications 
Register Unit (CRU). 


Designated Primary Processor: In multiprocessing systems with no primary 
processor, one secondary processor is "designated" as the primary processor 


for purposes of generating system clocks, etc. If a primary processor is 
present, it is also the designated primary processor. 


CPU: "CPU" or "Processor" should be interpreted to mean either a primary 
processor or secondary processor. 


8.2.2 Power Bus 


This group of lines is intended to provide regulated DC voltages to all 
modules requiring them. Whenever possible, modules should operate only from 
the +5 volts supply line. A VBATT power bus is included to allow inclusion 
of battery backup during power down (for memory retention), and an auxiliary 
line VAUX is available for special requirements. The power bus contains the 
following voltages: 


Voltage No. of Lines 


+5V 
+12V 
-12V 
VBATT 
VAUX 

GND 


GON m N nmn = 


= 


Although a -5 volt line is not included on the TM 990 bus, this voltage may be 
derived from on-board regulation of the -12 volts. 


All voltages are specified to be +3%. Individual systems requirements will 
dictate which set of the above are needed and thus guide the selection of 
appropriate power supplies. 


8.2.3 Address Bus 


The address bus consists of 19 tri-state address lines. These 19 lines are 
comprised of a set of 15 basic address lines, AO through A14, and a set of 
four extended address lines ХА0 through XA3. The address bus is used to 
access memory locations, for memory mapped 1/0, and for CRU 1/0. The address 
bus is driven only by the current bus master module (CPU, DMA module, etc). 
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IMPORTANT NOTE: 


All addresses are referenced in software as though there were an 
additional least significant address bit. This bit, used for byte 
Manipulation, exists on CPU modules only and does not connect to the 
ТМ 990 bus. To eliminate confusion between hardware and software 
addresses, all hardware addresses should be considered EVEN numbered 
software addresses. 


The address lines are used to address locations on 16-bit word (rather than 
byte) boundaries. Thus А0 (MSB) through A14 (LSB) allow addressing of 32K 
16-bit words. A byte address line is not provided. The four extended address 
lines (XAO to XA3) are normally used with AO through A3 to yield 256 pages of 


4096 bytes. Detailed information concerning memory mapping is provided in 
Section 8.3. 


Memory-mapped 1/0 permits ТМ 990 1/0 modules to be addressed in the same 
manner as a memory location; i.e., data transfer takes place on the TM 990 
data bus. All 19 address lines may be used to access memory mapped TM 990 I/0 
modules, but these modules should avoid using addresses that are tommonly 
reserved for special use by TM 990 processor modules. This restriction is 
discussed in detail in the memory section. Most TM 990 1/0 modules will use 
tne Communications Register Unit (CRU) because of cost, simplicity, and 
flexibility. Each bit in the CRU is addressed individually by the processor, 
using only АЗ through A14. This allows up to 4096 individual CRU bits to be 
addressed on word boundaries. 


8.2.4 Data Bus 


The data bus consists of 16 bi-directional tri-state data lines, DO through 
D15. This bus is used to make parallel data transfers between the current bus 


master module (CPU, DMA module, etc) and memory (or memory mapped 1/0) 
modules. 


For 16-bit operations, the data bus represents data words with DO as the MSB 
and D15 as the LSB. For byte operations it represents two data bytes with 
lines DO through D7 being the most significant byte and lines D8 through D15 
being the least significant byte. Data is always transferred as a word and 
can be byte manipulated on the module. 


8.2 .5 Control Bus 


The control bus is comprised of 19 signal lines which control all data 
transfer transactions on the TM 990 bus and permit module synchronization and 
set up. The control bus has several functional subsets of signals described 
below. Details of use and timing relationships will be covered in depth in the 
appropriate subsequent sections. Three control signal lines are reserved. 


8.2.5.1 Memory Control Signals (See Section 8.3 for more information) 
МЕМЕМ- Memory Enable: This tri-state signal is driven LOW by the current bus 
master to indicate that a memory (or memory-mapped 1/0) access is taking 


place. This signal may remain LOW for several consecutive memory cycles. It 
is inactive (HIGH) during non-memory cycles. : 


MEMCYC- Memory Cyole: This tri-state signal is driven LOW by the current bus 
Master to indicate that a memory cycle is in progress. The rising edge of 
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MEMCYC- indicates that this memory cycle is complete. In a Single Busclock 
Memory Access (SBMA), the rising edge of MEMCYC- occurs at the next rising 


edge of busclock. MEMCYC- may be used to control output data buffer enable on 
memory modules. 


READY Ready: This normally HIGH open-collector signal can be pulled LOW 
during an Acknowledged Ready Memory Access (ARMA) by the addressed memory (or 
memory-mapped 1/0) module to allow that module additional time to process the 
other bus signals on-board. The current bus master enters a wait state until 
the addressed module releases READY. 


If a Single Busclock Memory Access (SBMA) is being executed, READY will not be 
sampled by the current bus master. 


AREADY- Advanced Ready: This normally HIGH signal is driven LOW by a memory 
module to indicate that it can execute an SBMA memory cycle. If an SBMA memory 
сус1е is executed, then READY will not be sampled by the current bus master. 
(The bus master may execute an ARMA cycle even though the memory module has 
the capability to execute an SBMA cycle.) 


DBIN Data Bus In: This tri-state signal is driven active HIGH when the 
current bus master is doing a READ memory access and active LOW when the 
current bus master is doing a WRITE memory access. A primary processor may 
drive the data bus with DBIN HIGH (in order to allow an external processor to 
decode an external instruction) when doing an access to on-board memory. DBIN 
is used to control data buffer direction on memory modules. 


WE- Write Enable: This tri-state signal, generated by the current bus master, 
is active (LOW) to indicate that data being written into memory is present on 
the data bus. The rising edge if WE- may be used to clock write data into a 
memory. 


8.2.5.2 Timing and Synchronization Signals 


BUSCLK- Bus Clock: This signal is generated on the designated primary 
processor. This processor should be in chassis slot 1. BUSCLK- is distributed 
throughout the system for synchronization of memory and bus arbitration 


functions. Synchronization is to the LOW-to-HIGH transition (rising edge) of 
BUSCLK-. 


REFCLK- Reference Clock: This 3 MHz + 0.05% signal is generated on the 


designated primary processor. REFCLK- is distributed throughout the system as 
a timing reference for 1/0 devices, timers and counters. See Figure 8-1. 


Min Norm 
E teh 
ten | 225 250 REFCLK- t 
tel 50 83 cl 
8.2.5.3 Direct Memory Access Signals (See Section 8.4 for more information) 


FIGURE 8-1. REFCLK TIMING 


HOLD- Hold: This open collector signal is driven LOW to request control of 
the bus from the primary processor. 
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TABLE 8-1. ТМ 990 SYSTEM BUS PIN DEFINITION 


Power/Ground 
m 


ІМТ14- Interrupt Interrupt 
INT2- 


INT3- 
INT5- 
Control Bus 
BUSCLK- 
Ground REFCLK- 
RESERVED Control Bus 
RESERVED 
CRU Serial Bus 30 | CRUOUT CRU Serial Bus 
Ground 32 BUSY- Control Bus 


Data Bus Data Bus 


Power 


Address Bus Address Bus 


Control Bus 
-12V Power 
75 +12V 
TT GND 
79 GND Power/Ground 
81 GND 
83 GND 
85 GND Control Bus 
97 CRUCLK- CRU Serial Bus 
99 3ND round 
91 GND 
93 RESTART- Control Bus 
95 GRANTOUT- 
97 +5V Power/Ground Power/Ground 
99 GND 100 GND 


HOLDA Hold Acknowledge: This normally inactive (LOW) tri-state signal is 
driven HIGH by the primary processor to indicate that system bus is under 
control of a secondary processor or a DMA module. 


8.2.5.4 Bus Arbitration Signals 


The TM 990 system bus employs a serial arbitration scheme with positional 
priority. These signals are required on all secondary processors and DMA 
modules. 


BUSY- Bus Busy: This open-collector signal is driven LOW to indicate that a 
secondary processor or DMA. module has control of the system bus. 


GRANTIN- Grant Input: This normally active (LOW) signal is driven HIGH by a 
higher priority secondary processor or DMA module to indicate control or 
request control of the system bus. Secondary processors and DMA modules must 
have GRANTIN- LOW and BUSY- HIGH to assert bus mastership. 


GRANTOUT- Grant Output: This normally active (LOW) signal indicates to the 
next lower priority secondary processor or DMA module that it may assert bus 
mastership if desired. When requesting the system bus, secondary processors 
and DMA modules must deactivate this signal (i.e. drive GRANTOUT- HIGH) to 
prevent lower priority modules from asserting bus mastership.  GRANTOUT- is 
the next lower priority module's GRANTIN-. Modules which cannot be bus masters 
(memory or І/0 modules) should connect GRANTOUT- directly to GRANTIN- (with no 
buffering). 


8.2.5.5 Interrupt Bus 


INT1- through INT15- Level n interrupt 


When active (LOW), INT1- through INT15- indicate that the corresponding 
interrupt is active. Interrupts are driven by open-collector devices. The 
interrupt levels are ranked with level 1 having the highest priority and level 
15 having the lowest priority. Interrupts must remain active until 
acknowledged by the processor under software control. 


8.2.5.6 Miscellaneous Signals 


lORST- 1/0 Reset: This signal is generated by the designated primary 
processor. When active (LOW), it indicates a system reset and that all I/0 
modules should be reset to their initial or idle condition. This signal is 
active for at least two cycles of REFCLK-.  IORST- is driven LOW as a result 
of either PRES- line being LOW or a reset instruction (RSET). 


PRES- Power On Reset: Normally generated by the system power supply during 
power up. This open-collector signal, when active (LOW), resets the designated 
primary processor which, in turn, issues an IORST- to the system. PRES- must 
remain active for 100 nanoseconds after all power voltages are stable. This 
asynehronous signal is intended for system initialization or full system reset 
if activated after initialization. 


RESTART- Restart: When active (LOW) this open-collector signal causes the 
processor to execute a nonmaskable interrupt (NMI) trap. No resets are 
generated. RESTART- is an asynchronous system input signal and must remain 
active for a minimum of 100 nanoseconds. 
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IAQ Instruction Acquisition: When active (HIGH) this signal indicates that 


the primary processor is performing an instruction fetch memory cycle. IAQ 
May be used as a diagnostic aid to detect illegal codes. IAQ is an optional 
Signal, and may only be generated by primary processors. 


8.2.6 Communications Register Unit Bus 


The Communications Register Unit (CRU) bus consists of three lines used to 
conduct bit oriented serial input or output operations under software control. 
During CRU operations, the memory control signal MEMEN- is HIGH and AO, A1, А2 


are low, indicating that the address bus lines АЗ through A1! contain the 
address of the single CRU bit to be operated on. 
relationships are covered in Section 8.4.3. 


CRUIN: 


Details of use and timing 
The three CRU bus lines are: 


The serial data input line to the current bus master. During CRU 
input operations the processor samples the CRUIN line to read the data bit 
whose source is identified by the 12-bit address field (A3 to A14). This is а 
tri-state line to which all CRU input modules are connected. 

CRUOUT: The serial tri-state output data line from the current bus master. 


During CRU output operations the processor puts the data on this line which is 
to be placed into the destination address. 


CRUCLK-: The CRU elock is a tri-state line output from the current bus master 
during CRU output operations. CRU output modules connected to the system bus 
сап clock the data from the CRUOUT line on the LOW to HIGH transition of 
CRUCLK-. 


8.3 MEMORY AND MEMORY-MAPPING 


The ТМ 990 address bus provides 19 address lines, a basic set of 15 (А0 
through А14) and an extended set of 4 (ХАО through XA3). This 19-bit address 
field permits the TM 990 system bus to support a memory capacity of up to 512 
kilowords (one kiloword = 2048 bytes). This memory can be organized with 


memory modules made up of RAM, ROM, EPROM, bubble devices, etc. and 
memory-mapped I/O devices. 


All memory and memory-mapped modules must meet certain design guidelines 
described below to insure TM 990 system compatibility. Тһе TM 990 product 
family provides a range of processors, memory expansion modules, and 


memory-mapped I/O modules which can be combined to form а required system 
configuration. 


8.3.1 Bus Memory Timing 


This section defines the timing constraints for memory accesses, whether they 
are normal memory cycles, DMA cycles, or memory-mapped 1/0 cycles. 


All memory 
eycles are synchronous with BUSCLK-. 


A memory cycle ends on the rising edge of MEMCYC-, which is synchronous with 
the bus clock. 


There are two basic types of memory cycles that the TM 990 bus supports: t 


Single Busclock Memory Access (SBMA) and Acknowledged Ready Memory Acces 
(ARMA). 
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8.3.1.1 Single Busclock Memory Access (SBMA) 


An SBMA completes an entire READ or WRITE operation in one bus clock cycle. 
In order to execute an SBMA, both the bus master and the addressed module must 
meet the SBMA timing requirements defined in Table 8-2. If the addressed 
module does not have SBMA capability, it does not activate AREADY-; if a bus 
master cannot execute SBMA, then it ignores any AREADY- responses. 


It is also important to note that in a system which executes SBMA cycles, all 
modules in the system must meet the ARMA timing requirements outlined in this 
section. Modules designed to earlier versions of this specification may not be 
compatible in SBMA systems even though they only execute ARMAs. (A system with 
SEMA capability places certain constraints on ARMA timing). Even though READY 
could be generated by an addressed module during an SBMA, this signal will be 
ignored once AREADY- has started an SBMA cycle. 


8.3.1.2 Acknowledged Ready Memory Access (ARMA) 


In an ARMA, the current bus master will monitor the READY line to determine 
when the addressd memory (or memory-mapped 1/0) module will be able to 
complete the READ or WRITE memory access. The monitoring is done by sampling 
the READY line at the rising edge of BUSCLK-. If a not READY condition (LOW) 
is sampled then the current bus master will enter a wait state. It will 
continue this wait state until an active (HIGH) state is sampled in which case 
it will complete the memory access by the next rising edge of busclock. During 
the wait state all signals driven by the bus master will not change. Since 


at least one sampling of READY is required, the minimum ARMA will take 2 
busclock cycles. 


ARMA is commonly used for dynamic memory modules and memory-mapped 1/0 modules 


in which an asynchronous event occurs such as a refresh or an input. See 
8.3.1.5 for additional information. 


8.3.1.3 Memory Timing Diagram 


Figure 8-2 defines the conventions used in the timing diagrams in this 
specification. The memory timing diagram shows memory cycles of various types 


(See Figure 8-3). The system timing diagram (Figure 8-3) illustrates the 
following memory cycles: 


1. Primary Processor, ARMA, Memory READ, 0 Wait States 
2. Primary Processor, ARMA, Memory WRITE, 0 Wait States 
3. 2 Clock Cycle Bus Transfer 
4. Secondary Processor, ARMA, Memory WRITE, 1 Wait State 
Secondary Processor, SBMA, Memory READ 
Secondary Processor, SBMA, Memory WRITE 
Secondary Processor, ARMA, Parallel I/O READ, 1 Wait State 
Secondary Processor, SBMA, Parallel I/O WRITE 
As illustrated in this diagram, a bus transfer from one master to another may 
involve idle bus states, or may occur on a cycle-to-cycle basis, depending on 


the release of BUSY- and generation of HOLDA. The bus arbitration process is 
explained in Section 8.4. 


8.3.1.4 Memory Timing Parameters 


The memory timing parameters (See Table 8-3) are defined to allow a designer 
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to create a TM 990 System Bus compatible module. The parameters can be 
arranged into two sets. The first set are the parameters that restrict 
signals/lines generated or driven by the module under design. The second set 
are the parameters restricting signal/lines generated by other modules that 
this module must interface to. Table 8-4 indicates to which set the timing 
parameter belongs based on module type under design. 


A 

B 
ti — time from signal A valid LOW to signal B driver enable 
tj = time from signal A valid LOW to signal B data stable 
t3 = time from A valid HIGH to B tri-stated 

C 

D 


E 
ү; 


t, = time from C valid LOW and D data stable to E valid HIGH (set up time 
to E) 


ts = time from G valid HIGH and H data stable and I data stable to start 


of HIGH to LOW transition of F (set up time to F LOW) 


ct 
1 


6 time from F valid HIGH to G valid LOW or H transition or I transition 
(hold time from F HIGH) 


FIGURE 8-2. TIMING DIAGRAM CONVENTIONS 
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TABLE 8-2. ТМ 990 SYSTEM BUS TIMING PARAMETERS 


All times are in nanoseconds. See Section 8.2 for general signal description. 


PARAMETERS 


Tadd BUSCLK- to ADDRESS disable 
Tade ВОЅСІК- to ADDRESS enable 40 -- 30 -- 


Tadh ADDRESS hold time from MEMCYC- high -10 == -10 cr 
Tadv . BUSCLK- high to ADDRESS valid em 95 -- 95 
Tadvs  BUSCLK- high to ADDRESS valid, SBMA -- 80 -- 10 
Тагп Advance READY hold time from BUSCLK- high 0 -- 0 -- 
Тагз Advance READY set up time to BUSCLK- high 185 -- 93 -- 
Топ BUSCLK- nigh to BUSY- high 0 230 0 150 
Tbl BUSCLK- nigh to BUSY- low 0 160 0 120 
Te BUSCLK- cycle time 330 1000 198 1000 
Tch BUSCLK- pulse width, high 214 960 129 960 
Tol BUSCLK- pulse width, low 40 116 40 69 
Tdbd BUSCLK- high to DBIN disable 0 50 0 50 
Tode BUSCLK- high to DBIN enable 40 — 30 -- 
Tdbh BUSCLK- high to DBIN high -- 90 шә 70 
Tdbl BUSCLK- high to DBIN low тт 90 -- 10 


Tgio Prop. time , GRANTIN- to GRANTOUT- 0 0 
Tgoh BUSCLK- high to GRANTOUT- high 0 0 
Tgol BUSCLK- high to GRANTOUT- low 0 0 
Thah В05СІК- high to HOLDA high 0 0 
Thal BUSCLK- high to HOLDA low 0 0 
Tnh BUSCLK- high to HOLD- high 0 160 0 80 
Thl BUSCLK- high to HOLD- low 0 0 
Тпса BUSCLK- high to MEMCYC- disable 0 0 
Tmce BUSCLK- nigh to MEMCYC- enable 9 9 
Tmch BUSCLK- nigh to MEMCYC- high 0 0 


Tmel BUSCLK- high to MEMCYC- low -- 383 -- 255 
Тшсіз  BUSCLK- high to MEMCYC- low, SBMA -- 225 -- 146 
Tmey МЕМСҮС- high hold time from BUSCLK- 318 -- 190 -- 
Tmcvs  MEMCYC- high hold time, SBMA 165 -- 100 -- 
Tmemd  BUSCLK- high to MEMEN- disable 0 50 0 50 
Tmeme  BUSCLK- high to MEMEN- enable 40 -- 30 op 
Tmemh  BUSCLK- high to MEMEN- high -- 95 -- 95 
Tmemhs BUSCLK- high to MEMEN- high, SBMA = 80 -- 70 
Tmeml  BUSCLK- high to MEMEN- low = 95 -- 95 
Tmemls BUSCLK- high to MEMEN- low, SBMA -- 80 -- 70 
Trdd Read DATA disable from MEMCYC- high 0 54 0 54 
Trde Read DATA enable from МЕМСУС- low 0 -- 0 = 
Trdh READY hold time from BUSCLK- high 15 -- 15 сез 
Trdhd READ DATA hold time from МЕМСҮС- high 0 -- 0 == 
Trds READY set up time to BUSCLK- high 150 -- 20 == 
Trdss READ DATA set up time to BUSCLK-, SBMA 45 => 17 == 
Trdsu Read DATA set up time to BUSCLK- hign 160 == 80 == 
Twah WRITE ADDRESS hold from WE- high 20 -- 20 == 
T«dd — BUSCLK- high to WRITE DATA disable 0 90 0 50 
Twde BUSCLK- high to WRITE DATA enable 90 == 50 == 
Twdh WRITE DATA hold time from WE- high 5 -- 5 E 
Twdv ВОЅСІК- high to WRITE DATA valid -- 330 == 200 
Twdvs  BUSCLK- high to WRITE DATA valid, SBMA - 160 -- 105 


Twel BUSCLK- high to WE- low 
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TABLE 8-2. TM 990 SYSTEM BUS TIMING PARAMETERS 


All times are in nanoseconds. 


See Section 8.2 for general signal description. 


PARAMETERS 


BUSCLK- high to WE- low, SBMA 225 
WE- high set up time to BUSCLK- high 0 116 0 
WE- high to BUSCLK- high, SBMA 0 75 0 
МЕ- low pulse width, ARMA 175 сез 102 
WE- low pulse width, SBMA 86 -- 45 


Twes 
Twess 


NOTE 1: Memory board output buffer enable = 
MEMEN e DBIN e MEMCYC e BOARDSEL 

NOTE 2: Memory board input data buffer enable - 
MEMEN e DBIN- e ENABLE DELAY 

NOTE 3: Condition for DMA or secondary processor to acquire the bus - 
HOLD- e HOLDA e BUSY- e GRANTIN 

NOTE Ц: AREADY and READY are decoded asynchronously by memory modules 
and will exhibit decode glitches up to specified set up times. 

NOTE 5: 3 MHz ARMA memory or I/O module must generate valid chip selects 
within 96 nsec of valid address to insure that an SBMA WE- will 
not accidently write into the ARMA memory (see note 6). 

NOTE 6: 5 MHz ARMA memory or I/O modules must insure that an SBMA WE- 


will not accidently write into the ARMA memory. This can be 
accomplished by clocking a flip-flop from BUSCLK and using the 


output to gate WE. This technique can also be used at 3 MHz in 
lieu of note 5. 


TABLE 8-3. PARAMETER TYPES 


Signal Parameter | CPU, DMA, Bus Controllers 


Te, Tel, Teh 

Tmeml, Tmemh 

Tmel, Tmels, 
Touch, Tmev 

Tade, Tadv, 
Tadd 

Trdh, Trds 


Memories, Memory-Mapped Modules 


Generated by primary only 
Generated by bus master 
Generated by bus master 


Assume within range allowed 
Assume within range allowed 
Assume within range allowed 


Generated by bus master Assume within range allowed 


Tdbh, Tdbl 
Trdsu 


Trde, Тгап, 
Trdhd 


Twel, Twels, 
Twes, Twess, 
Twpw, Twpws 


Assume within range allowed 
Generated by bus master 
Earliest time that data can 
be required by bus master 
Assume within range allowed 


Generated by bus master 


Twde, Twdh, Twdd Generated by bus master 


NOTE: 
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Generated by addressed module 
Assume within range allowed 
Latest time valid data can be 
placed on data bus 

Generated by addressed module 


Assume within range allowed 


Assume within range allowed 


Time values for these parameters are listed in Table 8-2. 


8.3.1.5 Module Access Time 


To compute module access time, a six step process is required: 


1. Compute the module READ access time (i.e., a worst case analysis of 
the time from Address Valid to Read Data Valid, at the bus). 

2. Determine the number of wait states for a read operation from Table 
8-4, 

3. Based on this number of wait states, do a worst case analysis of 
module write timing (WE, CS, and WRITE DATA timing). 

Ц. ТР any of the WRITE timing parameters are violated, add to the READ 
access time the number of nanoseconds for the largest violation. 

5. If a memory device cycle time limits consecutive memory cycles, then 
an appropriate number of nanoseconds must be added to the module 
access time to insure that consecutive cycles can be executed. 

6. This total is the "module access time" and is the proper access time 


to use in determining wait state generation from Table 8-4. 


TABLE 8-4. ACCESS TIME/WAIT STATE TABLE 


Module Access Time (Nanoseconds) 
BUSCLK SBMA ARMA Wait States 


3 MHz 205 405 135 1065 1395 1725 2055 
5 MHZ 111 221 419 617 815 1013 1211 


8.3.2 Memory Mapping 


For most systems applications, the 32K-word (64K-byte) memory addressable by 
a basic set of address lines AO through A1! will be more than adequate. For 
those systems requiring additional memory capacity, the total addressable 
memory can be increased to 512 kilowords (1 megabyte) by use of memory 
mapping. Memory mapping is a technique which enables a processor's basic 15- 


line address field to be expanded into a 19-line address field. This process 
is illustrated in Figure 8-4. 


The memory mapper is essentially a 16-register file; the four most 
significant bits of a processor's basic address field are used to access one 
of the 16 registers. The accessed register contains an 8-bit code which 
becomes the 8 most significant bits of the 19-bit address field. The least 


significant 11 bits of the extended memory address are the unaltered least 
significant 11 bits from the processor. 


For each of the 8-bit codes obtainable from the mapper, there are 211 or 2018 
word (4096 byte) addresses available to the processor. Each set of 2048 (4096 
bytes) is considered to be one page of memory. The 19-bit address field 
allows a total of 256 pages of memory space, of which 16 pages may be mapped 
into the processor's address space at any given time. To utilize the entire 
256 pages of memory, the map registers are dynamically altered under software 
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control. Note that in systems with multiple processors, each processor may 
contain its own mapper and, thus, a separate set of 16 pages can be allocated 
to each processor. 


CAUTION: The memory mapper must be disabled during external instructions and 
CRU to allow proper decoding of the AO to A3 address field by external 
modules. 


1 of 16 PRESELECTED 
PAGES OUT OF A 256 
PAGE MEMORY 


1 of 2048 WORD ADDRESSES 


11 BITS 
WITHIN SELECTED PAGE 


DPONNMAOD' 


FIGURE 8-4. PAGED MEMORY MAPPING 


NOTE: AO'..A3' are not necessarily the same аз A0..A3. 


8.3.3 Address Space Allocation 


The memory address space is divided into 2K-word (4K-byte) pages. А memory 
module consists of one or more 2K-word pages which can be configured to start 
on any 2K-word page boundary within the 19-bit address range (using XAO 
through XA3 and AO through 414). 


Systems applications using memory-mapped 1/0 modules must dedicate one or more 
2K-word pages to be used as I/O addresses. These pages are further subdivided 
into 8-word blocks. A memory-mapped І/0 module can use one or more contiguous 
blocks. The page address and block address must be configurable as described 


above. 


The CRU shares the same address lines as the system memory, since CRU 
operations always take place when the memory is not in use. 


A single processor system memory map is shown in Figure 8-5. This map shows 
the minimum address space for processor on-board ROM and RAM. Additional on- 
board memory should occupy addresses between 0100016 and OEFFE46, and these 
addresses should be contiguous with those shown for memory of the same type; 
i.e., ROM/EPROM or RAM. All additional allocations should be in 2K-word 


pages. 


00000 
INTERRUPT VECTORS { 0003E 


XOP VECTORS | 00080 BOOT LOAD 
00076 | ВАМИВОМ/ЕРВОМ 

MEMORY MAPPING { 00080 | ст PAGED 
00040 


00ЕҒЕ 
01000 


14 FREE PAGES 
OEFFE 
OF000 


RAM (1 PAGE) 


OFFFC 
NMI VECTOR { ТІНЕ 


10000 
240 FREE PAGES 


FFFFE 


FIGURE 8-5. STANDARD SINGLE PROCESSOR SYSTEM MEMORY MAP 


&.4 BUS ARBITRATION 


The TM 990 System Bus provides for arbitration of bus control between primary 
processors, secondary processors, and DMA devices. Systems may be configured 
in MASTER-SLAVE configurations with one primary processor and multiple 
secondary processors or DMA devices, or, in MULTI-MASTER configurations with 


multiple processors and DMA devices arbitrating for bus control (but no 
primary processor). 


8.4.1 Bus Acquisition and Release 


Bus transfer is controlled by the processor or DMA device which is the current 
bus master. If the bus is under control of a primary processor, then the two 
signals HOLD- and HOLDA control the transfer; the primary processor cannot 
request the bus, as it always owns it when not in a HOLD state. The module 
(or modules) requesting control of the bus must first drive HOLD- LOW. The 
primary processor, at its discretion, will drive HOLDA HIGH, indicating that 
it has relinquished control of the bus (and disabled its bus drivers) in this 
clock cycle to the highest priority device requesting the bus. The module 


gaining control must then pull BUSY- LOW indicating to all other DMA or 
secondary processors that it has control. 


Bus acquisition requires having priority over other secondary processors and 
DMA devices when the transfer of control is allowed by the current bus master. 
Priority is controlled by the GRANTIN-/GRANTOUT- signals. These signals are 
actually the same line of the TM 990 bus. They are electrically separated 
into two lines when a DMA or bus controller resides in a slot. With respect 
to a DMA module or secondary processor, the line leading to chassis slot 1 is 
GRANTIN- and the other line is GRANTOUT- (leading to the next higher slot). 
Slot 1 has the highest priority as its GRANTIN- is hard wired LOW. Slot i's 
GRANTOUT- connects to slot 2's GRANTIN- and similarly for all the remaining 
slots. When a module requires control of the bus, it drives its GRANTOUT- 
signal HIGH, thereby making GRANTIN- HIGH for all the lower priority devices 
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(1.е. all slots having higher numbers than itself); thus, there will be only 
one module requesting the bus that has its GRANTIN- LOW at the time the bus 
transfer is initiated at the next rising edge of BUSCLK-. 


To request the bus, a secondary processor enables HOLD- low, and sets 
GRANTOUT- high. These need not be done on the same clock, but specified 
propagation delays from BUSCLK- high must be adhered to. To acquire the bus 
the following conditions are required: i 


HOLD- true (low); GRANTOUT- not true (high); 
HOLDA true (high); GRANTIN- true (low); 
BUSY- not true (high) 


Once the bus is acquired, BUSY- is enabled low: bus mastership is retained 
until the next BUSCLK- after HOLD- or BUSY- is released (high). Bus 


arbitration is done on the rising edge of BUSCLK- and specified propagation 
delays from BUSCLK- must be adhered to. 


PERIOD 1 | PERIOD 2 | PERIOD 3 | Р. d P. s PERIOD 6 
PRIMARY MODULE C MODULE A | В | А | PRIMARY 


BUSCLK- E LI LI LI LJ LJ LJ LJ U LI 

HOLD- Le eme ANNE ee 
HOLDA sl ا‎ 

BUSY- لا ھا‎ LÍ LJ 
GRANT IN (А) cee 
GRANTOUT- (A) NENNEN vp oo bum la 
GRANTOUT- (B) ll ot Sp crew е. c cM NENNEN: 
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FIGURE 8-6. ТМ 990 BUS ARBITRATION 


Figure 8-6 illustrates the bus arbitration process between a primary processor 
and three DMA/secondary processor modules. Module A has the highest priority 


and Module С the lowest (GRANTOUT- А is connected to GRANTIN- В and GRANTOUT- 
B is connected to GRANTIN- C). 


During period 1, the primary processor is in control of the bus. Module C 
requests bus control by activating HOLD- and setting GRANTOUT- high. The 


primary processor responds by setting HOLDA high (but not necessarily at the 
next clock edge). 


At the start of period 2, all the conditions for Module C to acquire the bus 
are met, and it responds by enabling BUSY- low, signaling that it has acquired 
the bus. While Module C is bus master, Module B indicates a bus request by 
activating HOLD- (which is already active) and setting its GRANTOUT- high. At 
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this point, Module C has the option of relinquishing the bus at the next 
BUSCLK- (by releasing BUSY-) or keeping the bus control. Іп this example, 
Module C keeps control of the bus for two more clock periods. 


By the end of period 2, both Modules A and B have active bus requests and must 
arbitrate for bus control. Since Module A is higher priority, GRANTIN- to B 
is high and only Module A has all the conditions met for acquiring the bus. 
It does so at the start of period 3 and responds by activating BUSY-. 


Module A performs an SBMA cycle during period 3 and immediately releases BUSY- 
to allow another module to acquire the bus. Because Module A cannot meet the 
GRANTOUT- propagation delay specification during the first clock of an SBMA, 
it waits until the next clock to set GRANTOUT- low. As a result, Module B 
does not acquire the bus until the start of period 4 and the bus sits idle for 
one clock period (the second half of period 3). If a higher priority request 
was active, this idle period would not exist, as GRANTOUT- from A would not be 
a factor. 


During period 4, Module B executes an SBMA cycle and releases the bus; at the 
same time Module A activates a new bus request and acquires the bus at the 
next clock edge. Since Module A is higher priority than Module B, the 
GRANTOUT- delay from Module В is not a factor here and по bus idle periods are 
involved. 


At the start of period 6, no bus requests are active. Module A releases HOLD- 
at the end of its cycle and control returns to the primary processor. The 


primary processor responds by setting HOLDA low, indicating that it is now in 
control of the bus. 


8.4.1.1 DMA and Secondary Processor Data Transfers 


Тһе data transfer timing is identical for secondary processors and DMA 
devices. 


There are two data transfer modes. In cycle stealing mode, the controller 
will make one data transfer to or from memory and then release memory control 
back to the system. The controller must then reacquire control of the bus for 
every word of data to be transferred. Іп block mode, the controller retains 
control of the bus for аз long аз it is required to transfer an entire block 
of data. The system designer must weigh the implication of each mode 
earefully before choosing. The cycle stealing mode has the least impact on the 
system but can take longer to make transfers. 


8.4.1.2 DMA Timing Parameters 


The DMA/secondary processor timing parameters (See Figure 8-3 and Table 8-2) 
are defined to allow a designer to create а ТМ 990 System compatible module. 


There are six signals that are to be considered during bus transfers. After 
the bus has been transferred, all signals must obey the memory timing 
parameters. A critical requirement that must be met is that all memory and 
control signals must be tri-stated (except BUSCLK-) by modules not in control 
of the bus. 


The transfer timing parameters are Thl and Thh, Thah and Thal, Tbl and Tbh, 


Tgoh and Tgol. GRANTIN- parameters are not specified as they are the GRANTOUT- 
parameters Tgoh and Tgol of the higher priority module. A signal on GRANTIN- 
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should experience a maximum 10 ns delay to GRANTOUT- of a DMA/bus controller 
module. This is necessary to insure that lowest priority devices will have 


adequate time to ascertain whether the highest priority device is requesting 
control of the bus. 


BUSY- is only asserted after a DMA/secondary processor module has been granted 
control of the bus. 


The HOLD- line is driven LOW by all DMA/secondary processor modules requesting 
bus control. HOLDA will go HIGH only after the primary processor has read the 
LOW HOLD- line and entered a HOLD state (disabling its bus drivers). When the 
primary processor reads a HIGH HOLD- line at a rising edge of BUSCLK-, it will 


take HOLDA LOW on a following (but not necessarily the next) rising edge of 
BUSCLK-. 


Modules using the TMS 9900 processor to implement a primary CPU may require 
that if HOLD- is high, it may not be reasserted by a module unless HOLDA is 
low. (This requirement is a function of the specific primary design and not 
of the bus structure.) DMA controllers which implement this logic must have 
provision for disabling it, as HOLDA always stays high in a multiple processor 
system without a primary processor. 


8.5 INPUT/OUTPUT 


The TM 990 system bus provides four modes of I/O interfacing. Each mode has 
its own characteristic advantages and disadvantages which must be considered 
when designing a system. The systems designer has the flexibility to choose 
those modes best suited to his application and may use any combination of 
modes as desired; these four modes are Direct Memory Access (DMA), Memory 
Mapped 1/0, Parallel 1/0, and Communications Register Unit (CRU). 


8.5.1 Direct Memory Access 


Direct Memory Access (DMA) is used primarily when there is a requirement for a 
device to transfer blocks of data to/from memory at high speed without 
interaction of a CPU. In a typical DMA transfer sequence, the processor 
initiates the transfer by "setting up" the DMA controller on the peripheral 
module as a result of executing a software sequence. The DMA controller then 
acquires the system memory independently of the processor and makes the 
required data transfers directly to the memory. Upon completion of the data 
transfers, the DMA controller generates a status word and may interrupt the 
processor to indicate that the data transfer operation is complete. During 
these data transfer operations to/from memory, the processor may continue to 
execute its program without regard to the DMA controller. Thus, the system 
throughput can be substantially increased. 


DMA can occur in block or cycle stealing modes. Transparent DMA is NOT 
recommended because of memory access conflicts with asynchronous memory 
operations (such as dynamic memory refresh). Block and cycle stealing DMA 
both use the TM 990 bus transfer protocol. This protocol involves the 
acquisition of the bus from the CPU or other bus controllers by a DMA module; 
at the end of the DMA cycle, it requires the release of the bus back to the 
CPU or other DMA/bus controller modules. 


8.5.2 Memory Mapped I/0 


Memory mapped I/O permits the processor to make I/O data transfers as though 
memory data transfers were taking place. This is shown in Figure 8-7. 
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FIGURE 8-7. MEMORY MAPPED 1/0 


Memory mapped 1/0 modules connect to the 


manner as do external memory modules, and have an interface identical to the 
the memory modules. Memory mapped I/O modules share the available memory 
address space with the system memory; caution must be exercised when 
duplicating the same address fields on both, in order to prevent bus 
conflicts. This is discussed further in the memory section. Memory mapped 
I/O permits the rapid transfer of 16-bit parallel data words between a 
processor and І/0 devices under direct software control. This may offer a 
cost advantage over DMA control,if the data transfer rates are low enough to 
permit the use of memory mapped I/O. Care must be exercised with memory 
mapped output modules since the MOVB instruction reads the destination 
location before writing to it. (This feature is used in making 8-bit transfers 
so that the other 8 bits in the 16-bit field are not affected.) The level of 
the DBIN line may be used on the output module to block unwanted transactions. 


TM 990 system bus in exactly the same 


8.5.3 Parallel 1/0 


Parallel 1/0 permits the current bus master to make І/0 data transfer 
utilizing the existing data and address lines in an address space separat 
from the memory address space. Figure 8-8 illustrates parallel 1/0. 


Parallel I/O modules connect to the TM 990 bus exactly the same as memor 


modules except that the MEMEN- is HIGH during a parallel 1/0 data transf 
Bus timing is identical to that of a memory cycle. 
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FIGURE 8-8. PARALLEL I/O EXAMPLE 


Parallel 1/0 modules decode а 15-bit 1/0 address (which is not in the memory 
address space) AO to A14. Тһе extended address bits ХАО to XA3 are not used 
in parallel I/O data transfers. An I/O module may be designed to be 
configurable as either memory-mapped or parallel 1/0 by providing the 
capability to invert MEMEN- (HIGH = parallel I/O, LOW = memory-mapping 1/0). 
This is useful in maintaining compatibility with the total family of TM 990 
processors, as all processors do not support parallel I/0. 


The parallel I/O address space overlaps the CRU I/O address space. Parallel 
1/0 operations will not affect CRU I/O (since по CRUCLK's are present): іп 
order to prevent CRU I/O operations from conflicting with parallel I/0, WE- 
must be used to clock write data into the receiving module. Read operations 
will not conflict either in CRU or parallel I/0, since extraneous address 
decodes will simply be ignored. 


8.5.4 Communications Register Unit 


The Communications Register Unit (CRU) is the simplest of the four 1/0 modes 
Supported by the TM 990 system bus. CRU data transfers between the processor 
and the 1/0 device take place on serial data lines. (Input and output 
transfers take place on different lines under software control.) The CRU is a 
bit-oriented 1/0 system and the software can transfer from 1 to 16 bits into 
or out of the processor at a time (in a serial string). The condition of 
lines АЗ and A14 on the address bus defines which bit is to be operated оп 
(that is, input or output); this 12-bit address field on the TMS 9900 format 
allows a possible 4096 input bits and 4096 output bits to be utilized. For 
multiple bit operations, the address is automatically incremented as each data 
bit is transferred (each CRU bit is always addressed individually). Although 
it would appear that the addresses of the CRU conflict with the memory 
addresses, MEMEN- is always inactive (HIGH) while CRU 1/0 is in progress; thus 
a memory cycle will never occur while CRU I/0 addresses are present. A 
processor must be the current bus master in order to conduct CRU I/0 
operations on the system bus. The basic configuration of CRU modules are 
illustrated in Figure 8-9. 
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FIGURE 8-9.  CRU CONFIGURATIONS 


Three types of CRU modules oan be implemented as shown above: CRU input only 
modules, CRU output only modules, and CRU input/output modules. Additionally, 
CRU may be implemented with other 1/0 modes on the same module. For example, 
a peripheral device controller module may have a high data transfer rate, thus 
cycle stealing DMA is selected to implement the data transfers, but CRU is 
selected as a simple, convenient means for the processor to pass commands to 
the controller (number of words to transfer, starting location address, read 
or write and so forth). Although only three CRU modules are shown in the 
system above, any number of modules ean be used and each module may be 
assigned any number of input and/or output bits required so long as the total 
system availability of 4096 input and 4096 output bits is not exceeded. In 
the interests of simplicity, it is best to allocate 32 bits or multiples of 32 


bits to each module. Doing this will ease both hardware setup and software 
generation. 


8.5.4.1 CRU Input 


When the current bus master executes a CRU input instruction, the MEMEN- 
signal is deactivated (HIGH) and the bit address appears on the address bus. 
The CRU module must place the addressed bit onto the CRUIN line, which the 
bus master samples at the appropriate time. This is shown in Figure 8-10. 


CRU input modules are required to continuously monitor the address lines and 
enable the addressed bit onto the CRUIN line. MEMEN- may be used by the CRU 
input module to disable address decode during memory cyoles, but this is not a 
system requirement. If a CRU input module responds to an address during a non 
CRU input operation, the processor simply ignores any data present on the 
CRUIN line. CRUCLK is inactive during CRU input operations. 


8.5.4.2 CRU Output 


When the current bus master executes а CRU output instruction, the MEMEN- 
signal is again deactivated and the bit address appears on the address bus. In 
this case, the bus master places the data bit onto the CRUOUT line and 
generates a CRUCLK- pulse which the CRU output module uses to strobe the data 
bit into the correct destination address. This is shown in Figure 8-10. 


8-21 


ADDRESS BUS 
LINES A3-A14 


ADDRESS 2222 STABLE DO XXX 
MEMEN- 


CRUIN 


a. CRU INPUT TIMING 


CRUCLK- 


MEMEN- 


ADDRESS 


CRUOUT 


b. CRU OUTPUT TIMING 


© = ''AND'' function Q - ''OR'' function 
tee pulse width CRUCLK- low 150 
tsa setup time before CRUCLK- low 250 ns 
tha hold time after CRUCLK- high 100 ns 
tpd propagation delay from address 400 ns 
hold time 


с. CRU TIMING PARAMETERS 


FIGURE 8-10. CRU INPUT/OUTPUT TIMING 


More than one CRU output module may share the same set of addresses permitting 
the bus master to "broadcast" data to these modules simultaneously during 
execution of a single CRU output instruction. This feature, cannot be used 
with CRU input modules, as the data from several responding modules would 
interfere with each other and be meaningless. 


In general, the CRU bits of a module should be arranged contiguously. Тһе 
arrangement can be done by function to aid CRU decoding. Efficient programming 
sequences, such as that shown in Figure 8-11, can arise if multi-bit transfers 
are mapped at the CRU base address of a device and individual control bits are 
mapped above it. A good example is the TMS9902. All of the rate, interval, 
and data registers are at the base address, with various flags, status bits, 
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and control bits located in the CRU address space above the multi-bit transfer 
space. 


ISR7 EQU $ INTERRUPT SERVICE ROUTINE SEVEN 
LI R12,>0440 SET UP CRU BASE ADDRESS 
SBO 16 ENABLE DATA TRANSFER 
STCR @DATA,0 READ THE DATA (ALL 16 BITS) 
SBZ 17 ACKNOWLEDGE/DROP INTERRUPT REQUEST 
SBO 18 RE-ENABLE INTERRUPT FOR NEXT TIME 
RTWP RETURN TO INTERRUPTED PROGRAM 


FIGURE 8-11. SAMPLE INTERRUPT SERVICE ROUTINE 


In this example, the data bits are CRU bits 0 to 15, which allow easy LDCR and 
STCR I/O. The control bits, almost always accessed singly, start at 16. 


The CRU map shown in Table 8-5 is recommended to aid system design. The first 
CRU address block (>0000 to >01ЕЕ) is reserved for processor functions that 
ane the foundation of a TM 990 System. The second block is reserved for 
important I/O devices which should be at a fixed place for uniform system 


development. The third block is unrestricted.  CRU addresses in this block 
Should be configurable on 32 bit boundaries. 


TABLE 8-5. CRU ADDRESS MAP 


CRU ADDRESS 


70000 to >003E 


System status indicators - LED's, front panel 
switches/displays, etc. 


>0040 to >00ТЕ System configurators - DIP/Sense switches 

>0080 to >009E Main system serial 1/0 port - ТМ59902 

>00А0 to >00ҒЕ Reserved for system definition expansion 

>0100 to >013E System interrupt control (also main parallel 
1/0 port) - TMS9901 

>0140 to >017Е System edge-triggered interrupt reset 

>0180 to >019E Auxillary system serial I/0 port - TMS9902 

>01A0 to >01FE Auxillary system serial I/0 port continued - 
modem control 

>0200 to >023E Main disk storage - floppy disk, etc. 


to >03FE Reserved for system definition expansion 
to >1FFE General user space 


8.6 INTERRUPTS 


The TM 990 system bus accommodates two fixed and 15 general purpose 


interrupts. The two fixed interrupts are PRES- and RESTART-; these cannot be 
masked by the primary processor. 


8.6.1 Fixed Interrupts 


PRES- is the highest priority interrupt in the TM 990 system and is the system 
reset. When activated, PRES- causes all processors to terninate the 
instruction in progress and enter the RESET condition. The designated primary 
processor issues an IORST- to the rest of the systen, masks all general 
purpose interrupts and, when PRES- is released, traps to and executes the 
reset" subroutine. The PRES- interrupt is normally generated by the system 
power supply when all voltages are stable following power up, or by actuation 
of a switch by the system operator when return to the system initial 
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conditions is required. 


The RESTART- interrupt is normally initiated by the actuation of a switch by 
the system operator. This interrupt, when activated, causes processors to 
perform a non-maskable interrupt trap following completion of the instruction 
in progress. This feature may be used to implement bootstrap ROM loaders, 
front panel functions and so forth. If a RESTART- interrupt is activated while 
the PRES- interrupt line is still active, the processor will be reset, IORST- 
generated and all general purpose interrupts masked, but the processor will 
No resets occur with activation of the 


not trap to the load subroutine. 


RESTART- interrupt. 


8.6.2 General Purpose Interrupts 


The 15 general purpose interrupts are maskable by the primary processor under 
software control, and are prioritized with INT1- having the highest priority 
and INT15- the lowest. If the system is to have a power-fail feature, ІМТ1- 
should be reserved for the power-fail interrupt. The power-fail indication 
from the power supply should activate this interrupt which, in turn, causes 
the primary processor to trap to the power-fail subroutine. Software for 
systems using the power-fail interrupt should not mask Interrupt 1. System 
modules generating general purpose interrupts must hold their respective 
interrupt line active until the processor acknowledges receipt of the 
interrupt by addressing the initiating system module. 


The interrupt vectors are located at memory addresses >0000 through >003F. 
Level zero is the reset vector and was discussed above. Software 
considerations to assigning a particular module to certain interrupts 
usually require the designer to assess the relative importance of the 
Certain interrupts have been fixed by 
convention for use with TM 990 microcomputer modules. The remaining may be 


interrupt upon system operation. 


assigned by the designer. See Table 8-6. 


TABLE 8-6. INTERRUPT VECTOR LOCATIONS (2 words each) 


0 "Reset" (PRES-)* > 0000 
1 >0004 
2 >0008 
3 >000C 
4 >0010 
5 >0014 
6 >0018 
T »001C 
8 20020 
9 > 0024 
10 >0028 
11 >002С 
12 >0030 
13 7003! 
14 70038 
15 >003С 
NMI (RESTART-) % 


Power-Up Reset, Cold Start 
Power-Down or Power Fail 
User-Defined (high priority) 

System Timer - 9901 

Main Serial Port - 9902 

Auxilliary Serial Port (101) - 9902 
Edge-Triggered (101) 
User-Defined 
User-Defined 
User-Defined 
User-Defined 
User-Defined 
User-Defined 
User-Defined 
User-Defined 
User-Defined 

Boot, System Soft Start 


* These are non-maskable, i.e. they will ALWAYS occur when asserted. When 
both are asserted, Reset has priority. 
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In general, the modules which interrupt more often or take less time to 
service or have real-time requirements should take precedence over other 
devices. The designer is urged to provide a range of interrupt choices for a 
general purpose module such as a conventional I/0 board. Special purpose 
modules may have a restricted range of levels or even only one level. Care 
should be taken in both the assignment and range of level assignments designed 
into the module. Too many choices make the module very hard to test, while 
improperly placed choices will result in a module which cannot be configured 
for use with certain combinations of other modules. 


The module should be designed so that it generates an interrupt request, waits 
for a software-driven acknowledgement, then stops its interrupt request. 
Processing of data from the module may occur at any time inside the Interrupt 
Service Routine (ISR) described above and as dictated by the devices involved. 
The module should not assume that it will get serviced within a certain period 
of time after it generates its request if at all possible, since there is no 
way to guarantee that a higher priority module is not already busy, and will 
remain so indefinitely. The exact nature of the software handshaking is 
entirely up to the designer, but the request should not simply disappear until 
the software commands it to do so in the ISR. Note that the programmer should 
not leave the ISR until all handshaking required by the module is performed 
and the request is dropped. Processing of data from the module in the ISR may 
occur either before or after the request is acknowledged and/or dropped. The 
exact order of communication with the interrupting module may or may not be 
significant for any particular device, and the designer must consider this in 
logic design and tell the programmer about it in the module documentation. 


The choice of making the interrupt handshaking logic addressable in either the 
memory or CRU address spaces із up to the designer. Іп general, it is the 
practice to use CRU bits for interrupt handshaking and other general control, 
and either CRU or memory (via DMA or memory-mapped techniques) for transfer of 
data. Small bits of data are usually designed to be accessed through the CRU, 
while block transfers are accomplished by memory operations. 


8.7 RESETS 


All modules employing sequential logic must have a way to be initialized. 
There are three ways to initialize/reset TM 990 modules: 


1. Generating a power-up reset using the PRES- signal. This signal MUST 
be asserted at power-up. Using this as a module reset means that a 
reset can only occur at power-up. Thus, this module doesn't need to 
be reset again short of a complete system reset. This is the 
preferred way to reset the designate primary processor. 


2. Generating ап I/0 reset using the IORST- signal. Either the assertion 
of PRES- or the execution of the RSET assembly language instruction 
will cause IORST- to become active. This is the preferred method of 
resetting a module because it can be reset automatically at power-up 
and then commanded by some OPERATING EXECUTIVE SOFTWARE into resetting 
again should the need arise later. 


3. Using a software routine that at some point addresses a CRU bit of a 
memory-mapped device on the module that needs resetting. This device, 
when addressed (or having data transferred to it), will cause the 
module to reset to a known state. This method has two disadvantages. 
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First, it requires a larger body of software code to keep track of 
these devices and interface to them in a reset sequence. And second, 
it does not have the devices in a known state until the reset code is 
completely executed. The advantage comes from being able to indivi- 
dually reset selected devices and in a selected manner where various 
reset options are available (an example being BAUD rates). 


8.8 CHASSIS CONFIGURATIONS 


The basic type of TM 990 system configuration is a single processor system 
with a 4-board, 8-board, ог 16-board chassis. Most applications fall into 
this category. If a particular application has four cards identified, 
consideration should be given to using a larger chassis to readily permit 
addition of future capabilities. The electrical specifications for bus 
drivers and receivers support up to 16 boards in a chassis without additional 


buffering. 
8.8.1 Board Positioning 


If different types of I/0 boards are used in the system, they should be 
physically located in the chassis in the manner shown in Figure 8-12. For this 
configuration the following general procedures apply. 


1. Memory modules should be in highest numbered slots. 


2. For multiple DMA modules, the highest priority module must be located 
closest to the processor. 


3. Interrupts should be assigned to I/O modules with the module closest 
to the processor having highest priority; i.e., DMA modules have the 
highest interrupt priority and CRU modules have the lowest interrupt 
priority. 


4, Complex systems with many interrupts, DMA modules, or multiprocessing 
configurations require careful attention to interrupt and bus priority 
to achieve optimum performance. The procedures on the previous page 
should be applied as general guidelines. 


MEMORY MAPPED) MEMORY 
PROCESSOR DMA MODULE(S) CRU MODULE(S 1/0 MODULE(S) MODULE(S) 


FIGURE 8-12. BOARD LOCATIONS 
8.8.2 System Clock Distribution 


Only one BUSCLK- source may be present in a given system. All modules must 
synchronize to this clock. 
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8.9 GROUNDING AND CABLING 


Good grounding and shielding practice is a point commonly overlooked or given 
inadequate attention in systems development, but can nevertheless make 
appreciable difference in the satisfactory operation of any digital or analog 
system. Digital equipment is not only susceptible to electromagnetic 
interference but can also cause interference in other equipment. The 
interference coupling can take place in many ways such as conducted on power 
or signal lines, electric or magnetic radiation and so forth. This section 
specifies simplified but proven techniques for reducing electromagnetic inter- 
ference, both as a source and receiver, and enhancing overall system 
performance. 


8.9.1 Grounding 


Good grounding adds nothing or very little to system development or recurring 
cost and yet сап be a very effective means of reducing interference. Figure 
8-13 illustrates the approach for a single equipment cabinet. 


This approach has several benefits. There are no ground loops in the systen. 
Noisy (hardware and AC power) grounds are separated from quiet grounds (logic 
common) and common ground impedance is minimized. If the system has an analog 
common, it should be taken to the common ground point on a separate ground 
wire just like logic common. If the cabinet, chassis, or power supply 
surfaces are painted, anodized, or covered by some other insulator, securing 
bolts will probably not be adequate to assure good ground connection. A 
ground strap with good electrical contact at both ends should be used as 
shown. This technique can be extended to multiple cabinets and peripheral 
equipment as shown in Figure 8-14. 


If at all possible, logic common should be grounded at only one point in the 
system. In a noisy environment, multiple logic common grounding can reduce 
noise immunity by as much as 50 48. In practice, however, single point logic 
common grounding may be difficult or impossible to achieve, as manufacturers 
of peripheral equipment may make a positive connection of logic common to 
chassis ground in their equipment. 


Care should be used in making ground connections to aluminum surfaces, 
particularly where analog signals are involved. Aluminum tends to oxidize 
eventually resulting in a high impedance ground path. 


In systems involving low level analog signals, it may be impossible to achieve 
acceptable analog performance with single ended analog signals due to common 
mode noise and ground loops. An analog ground loop may be eliminated by 
utilizing differential (or pseudo-differential) analog inputs avoiding a 
direct connection between the analog return and logic ground. 


8.9.2 Cabling 


The specification of noise-immune system interconnections is more complex than 
that of grounding, since there are more factors to consider. The situation 
alters slightly if the system is a source of noise or a receiver of noise, for 
high or low frequencies, and for the length of the signal path. The following 
general guidelines apply to most applications. 
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FIGURE 8-13. SINGLE CABINET GROUNDING 
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FIGURE 8-14. MULTIPLE CHASSIS GROUNDING 


8.9.2.1 Inside Equipment 


For digital signal connections of a couple of feet or less, single wire 
connections (hook-up wire) will usually be adequate. 


For connections longer than a couple of feet consider using twisted pairs with 
the low side connected to logic common at both ends. Low level analog signals 
should be interconnected using shielded twisted pairs with the shield 
connected to logic common at one end only. The analog signals should be 
differential if possible, but if single ended, the low side of the twisted 
pair should be connected to analog common at both sides. Clock signals (of 1 


MHz or more) should always be interconnected via co-ax. The co-ax shield 
should be taken to logic common at both ends. 


8.9.2.2 External Connections 


Single wire connections provide no protection at all to electromagnetic 
interference and should not be used for connections of more than a few feet, 
or at not at all in a known noisy environment. 
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For most applications, shielded twisted pairs provide the optimum performance. 
The shield should be connected to logic common at the processor equipment end 


only, and the low side of the twisted pair provides logic common to the peri- 
pheral as shown in Figure 8-15. 


Shielded twisted pairs of wire are relatively expensive, and if cost is an 
overriding consideration, unshielded twisted pairs can be substituted with the 
low side again connected to logic common at both ends. This will provide 
reasonable protection in many environments. Once again, high frequency clock 


signals should be connected using co-ax with the co-ax shield connected to 
logic common at both ends. 
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FIGURE 8-15. OPTIMUM CABLING 
8.10 TERMINATION 


In the transmission of digital information for distances of more that a couple 
of feet, the conductors must be considered as transmission lines. 


Disconti- 
nuity in a transmission line causes signal reflections. Discontinuities occur 
as the result of: 

ө Тһе difference between the impedance of the signal source and the 
characteristic impedance of the transmission line. 
о 


The difference between the characteristic impedance of the transmission 
line and the impedance of the load. 


The resulting signal reflections can cause erroneous system operation. These 
signal reflections would not occur if the characteristic impedances of the 


transmission line exactly matched the characteristic impedance of the signal 
source and of the load. 


In digital systems, the input and output impedance of ТТІ. circuits are not 
equal and are non-linear. Thus, it is not possible to exactly match the 
transmission line impedance to both the input and output impedances. 


Reflections are inevitable, so the problem becomes one of minimizing their 
effect on system performance. 


The characteristic impedance of a twisted pair is generally 100Q and of a 
coaxial cable is generally 930. The output impedance values ОҒ a TTL gate at 
the "1" and "0" levels are approximately 702 and 12Q respectively. А 100 %. 
line driven to the logic "1" level by such a TTL gate is Shown in Figure 8-16. 


FIGURE 8-16. UNTERMINATED LINE 


The initial voltage at point А із (3.3) (100/170) = 2 volts. Several 
propagation delays later the voltage at A will have risen to 3.3 volts. Some 
loss of noise margin is apparent. 


Several recommended cable configurations which have been used successfully are 
shown in Figures 8-17 to 8-20. 


8.10.1 Twisted Pair Lines with Reverse Termination 


822 LOAD LIMITED 
TO ONE 54/74 
LOAD 


FIGURE 8-17. SINGLE TWISTED PAIR 


The propagation delay (Pd) is approximately 2 ns per foot and the rise time 
deteriorates to about 70 ns in 20 feet. The series termination limits 
transient current surges and reduces negative overshoot. This same techinique 
may be used for driving multiple lines as shown in Figure 8-18. 


LOAD LIMITED 
TO ONE 54/74 
LOAD PER LINE 


FIGURE 8-18. MULTIPLE TWISTED PAIRS 


8.10.2 Open Collector Gate as Line Driver 


Since the characteristic impedance of twisted pair line is about 100 ohms, a 
3:1 mismatch of impedance results when this configuration is used. This type 
of line will require approximately 6 LPd nanoseconds, where L is the length of 
the line and Pd is the propagation delay per unit length of line, to 
sufficiently damp the ringing after a change in state of the output. 
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Vec 


FIGURE 8-19. OPEN COLLECTOR LINE DRIVER FIGURE 8-20. COAXIAL CABLE 


8.10.3 Coaxial Cables 


This method is good when fast rise time must be preserved. Propagation delay 
(Pd) is about 1.5 ns per foot. Care must be taken with grounding because 
large current transients occur during switching. Note that if more than about 
five such lines are switched simultaneously in the same cable, serious noise 
problems can result. 


8.10.4 General Rules to Minimize Transmission Line Effects 


1. Decouple line-driving and line-receiving gates as close to the package 
Усс and ground as possible using a 0.1, Е capacitor. 


2. Gates used as line drivers should be used for that purpose only. Gate 
inputs connected directly to a line-driving output could receive 
erroneous inputs due to line reflections, introduced long delay times, 
or excessive loading on the driving gate. 


3. Gates used as line receivers should have all inputs tied together to 
the line. Do not connect other logic inputs to the receiving gate. A 
single gate should be used as the termination of a line. 


4. Do not use flip-flops as line drivers because of the possibility of 
collector commutation from reflected signals. 


8.11 РОМЕН CONSIDERATIONS 


The primary power supply for TM 990 applications is typically a low-voltage, 
high-current unit. Power requirements can be safely estimated using the data 
sheet typical power consumption figures: these figures are usually acceptable 
for most system applications. Precise regulation of the DC supply voltage is 
not a requirement in most digital systems: a power supply output ripple of 1% 
and а regulation of 1% is acceptable. Note that power supply current ratings 
are generally specified at 40°C in still air: the manufacturer's specifi- 
cations should be consulted for derating factor for operation at greater 
ambient temperatures. 


8.11.1 Power Line Impedance 


An ideal power source consists of a power supply and power lines which supply 
constant current and have zero source impedance. Power line impedance is a 
source of noise coupling with load switching. In digital systems (especially 
synchronous) there can be relatively large 'instantaneous' changes in current 
as a result of a system state change (e.g., when clock occurs). This current 
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change causes a noise voltage on the power line is given by: 
Vnoise = Al. 70 


where ZO is the characteristic impedance of the power line. Thus, the power 
line characteristic impedance should be kept as low as possible. Power 
between two points is generally carried on insulated ground conductors. The 
characteristic impedance for these is given by: 


70 = 120 COSH 71 [3] 

v Er a 
where D is the separation between the conductors d in the diameter of the 
conductor and Er is the relative dielectric constant of the insulating 
material. The characteristic impedance, therefore, may be minimized by 
selecting power wiring which has insulation with a high dielectric constant, 


by using the highest guage wire which is practical, and by keeping the 
conductors as close as possible. 


On printed circuit boards, there are two techniques which may be used to 
minimize the characteristic impedance. Іп the first, the power and ground 
lines should be on opposite sides of the board. The ground plane should 
occupy as much space as possible on the non-component side of the board. The 
power lines should be as wide as possible and should run opposite the ground 
plane on the component side of the board as shown in Figure 8-21. 


i 


| == LINE 
h 


iem PLANE 


P.C. BOARD LAMIHATE 
FIGURE 8-21. PC BOARD POWER DISTRIBUTION, TECHNIQUE 1 


The characteristic impedance of this configuration is approximated by: 


2P = 377 | where w >>h 
v Er 


where Er is the relative constant of the board material (usually between 3.5 
and 5.0). By maintaining the width of the power line as wide as possible, a 


characteristic impedance of a few ohms can be achieved. 


The second technique requires that both the power and ground lines be on the 
same side of the board as shown in Figure 8-22. 
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FIGURE 8-22. PC BOARD POWER DISTRIBUTION, TECHNIQUE 2 


For this circuit, the characteristic impedance is approximated by: 


This technique is particularly valuable when the power and ground line 
separation is small. 


8.11.2 Power Decoupling 
8.11.2.1 Board Level. To suppress voltage transients on the power lines from 


being passed from board to board in the system, each board should decouple the 
incoming power lines as shown in Figure 8-23. 


R 


5 VOLTS > 
+ + 


C1 C20 e eoe Сп-1-.Сп 
(р TO BOARD CIRCUITS 


GND > == 
FIGURE 8-23. BOARD DECOUPLING 


In this type of circuit, capacitors C1 and Cn are electrolytic capacitors of 
the order of 10-22 u F. Capacitors C2 through Cn-1 are small capacitors of 
the order of 0.0018 F to 0.01 Е. R is an optional resistor of a few ohms. 
The combination of R and Cn form a low-pass filter which prevents noise from 
the power lines from passing to the circuits on the board. Cl is an optional 
capacitor which together with R forms a low-pass filter which prevents noise 
from the circuits on the board from being fed back into the power lines. The 
small capacitors C2 through Cn-1 provide high frequency filtering and also 
shunt the electrolytic capacitors preventing ringing. Since resistor R is in 
series with the power lines, the value should be calculated based on the 
current requirements of the board. 


8.11.2.2 Circuit Level. The switching digital circuits causes sudden changes 
in current requirements to occur throughout the board. Because of the 
inherent impedance of the power distribution system, current spikes can occur 
and fast pulse rise times are degraded by the inability of the power 
distribution to supply instant current. These problems can be avoided by 
decoupling the logic circuits with 0.01-0.05 и Е capacitors. One capacitor 
should be used for every 5 to 10 packages, and these capacitors should be 
physically distributed throughout the circuits on the board and not all placed 
at one point. 
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8.12 ENVIRONMENTAL REQUIREMENTS 


To ensure satisfactory operation, consideration must be given to the 
anticipated operating environment of the IM 990 system. Typical requirements 
for electronic equipment are as follows: 


Operating Temperature*: 0° to 509 С 

Humidity: 5% to 95% non-condensing 

Storage Temperature: -40° C to 70° C 

Shock: will withstand a 2 inch vertical drop 

Vibration: will withstand 1G @ 5 Hz to 80 Hz & 0.3G @ 80 Hz to 500 Hz 


In order to ease the task of designing systems to meet these requirements, ТМ 
990 modules are normally specified for operation to 70 0 c. This specification 
refers to the ambient air temperature as measured at the module; the system 
designer must consider enclosure temperature rises and unequal cooling (hot 
spots) allowance when designing a system for a given external environment. The 
standard environmental specifications for TM 990 modules are as follows: 


Operating Temperature: 0 to 709 С 

Humidity: 5% to 95% non-condensing 

Storage Temperature: -40° C to 859 С 

Shock: will withstand a 2 inch vertical drop 

Vibration: will withstand 1G @ 5 Hz to 80 Hz & 0.3G @ 80 Hz to 500 Hz 


If the operation environment cannot be guaranteed to be within these 
specifications then environmental control will be required. Additionally, if 
the equipment is to be located іп а corrosive atmosphere it should be located 
in a sealed container equipped with a heat exchanger to maintain operational 
temperature. 


8.13 HARDWARE STANDARDS 
8.13.1 Mechanical 


This section describes the physical characteristics of ТМ 990 modules and ТМ 
990 systems. 


8.13.1.1 TM 990 Board Dimensions 


Figures 8-24 and 8-25 illustrate the TM 990 board outline. The detailed 
dimensions are shown in Figure 8-25. The top edge of the board is used for 
I/O connections. The number and type of connectors is dependent on the needs 
of the specific board. Figure 8-24 shows an example of two printed circuit 
I/O connectors and one RS232 connector. Figure 8-25 shows an example of one 
printed circuit type connector and two RS232 types. 


8.13.1.2 Standard TM 990 Chassis Configurations 


The TM 990 system currently has three basic chassis configurations, a 
Ц-Боаг4 chassis, ап 8-board chassis, and а 16-board chassis. The 4-board and 
16-board chassis have 1.00 inch board spacing; the 8-board chassis has a 0.75 
inch board spacing. 

* Magnetic data storage media generally has more stringent requirements. 
Consult manufacturer's specifications. 


0.654 


221 
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7.500 


(Dimensions in inches) 


FIGURE 8-24. TYPICAL TM 990 BOARD OUTLINE 
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(Dimensions in inches) 


FIGURE 8-25. ТМ 990 BOARD DETAILED DIMENSIONS 
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.25x459 
2 PLACES 


8.13.2 Electrical 


This section describes the electrical characteristics of signals on the TM 990 
system bus, and standard connector configurations for both the system bus and 
I/O applications. 


8.13.2.1 TM 990 System Bus Drivers and Receivers 


The ТМ 990 system bus is designed to use low-power Schottky TIL circuits. 
Three types of signals are used in the system bus: unterminated, terminated, 
and open-collector. Table 8-7 lists the minimum driver current required for 
each type of signal including the current required by termination and 
pull-up networks. Table 8-8 defines the maximum loading. 


TABLE 8-7. MINIMUM DRIVE CURRENT 


Тор, Тон 


Signal Туре (Vgr,z0 .5V) (Voq=2-4V) 


Terminated 
Unterminated 
CRUIN 

Open Collector 


TABLE 8-8. BUS LOADING DEFINITION 


Іт, ін 
Signal Туре (Ут.=0,5\) (Утн=2.В\) 


All Signal Lines -0.8 
Except GRANTIN- 
GRANTIN- 


8.13.2.2 TM 990 System Bus Termination 


Termination networks are required for address, data, and certain control 
signals on the backplane to minimize signal reflections on system backplanes 
by impedance matching. The termination network is shown in Figure 8-26 with 
its Thevenin equivalent circuit. 


Table 8-9 gives termination parameters for the standard l-slot, 8-slot and 16- 
slot chassis. 
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+5V 


R1 TERMINATED 
SIGNAL 


TERMINATED 
SIGNAL 


R2 


FIGURE 8-26. TERMINATION NETWORK 


TABLE 8-9. CHASSIS TERMINATION 


PARAMETER 4-Slot 8-Slot 16-Slot 
Chassis Chassis Chassis 
Terminating Resistor R1 220 270 390 
Terminating Resistor R2 


Equivalent Impedance Z 
Equivalent Voltage V 


The following signals are not terminated on the system backplane: 


READY is terminated at the designated primary processor (R1 = 620 ohms, R2 = 
910 ohms). 


HOLD- is terminated at the primary processor (R1 = 620 ohms, R2 = 910 ohms). 


BUSY- is provided with a 10K ohm pull-up resistor to Vee at each secondary 
processor or DMA module. 


PRES- and RESTART- are terminated on the designated primary processor. 


Interrupt lines are provided with 10K ohm pull-up resistors to Vee at each 
processor which uses then. 


IAQ, CRUIN, and CRUOUT are not terminated. 

8.13.2.3 Worst Case Design Guidelines 

All TM 990 Modules should be designed to meet bus timing specifications for 
each busclock frequency the module is intended to operate at based on a worst 
ease bus timing analysis. In doing worst case timing computations, device 


maximum and minimum propagation delays should be determined by the following 
guidelines: 
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Minimum Propagation Delay 


1. Use component data sheet minimum propagation delay for 00C to 
+70°C, if specified. 

2. If no minimum is specified, use half of the data sheet nominal delay. 

3. If no nominal or minimum is specified, use one-quarter of the data 
sheet maximum delay. 

4, 


For analog circuits (such as RC time delays) minimum propagation 
delay should be computed based on worst case component tolerance, + 
5% power supply variation and 0°C to +70°C temperature variation. а 


Maximum Propagation Delay 


1. Use the component data sheet maximum propagation delay for 09C to 


700C, if specified. 


2. If no maximum is specified, use two times the nominal propagation 
delay. 


3. For analog circuits (such as RC time delays) maximum propagation 
delay should be computed based on worst case component tolerances, + 
5% power supply variation, and 0°C to +70°C temperature variation. 


8.13.2.4 TM 990 System Bus Connector 


The TM 990 system bus connector is a 100-pin 0.125 inch c-c PCB edge 


connector. Suitable bus connectors are in the following list. Other compatible 
connectors may be used. 


ТІ H431111-50 Wire Wrap 

Amphenol 225-804-50 Wire Wrap 

Viking 3VH50/9CND5 Wire Wrap 

Elco 00-6064-100-06 1-001 Wire Wrap 

TI H431121-50 Solder Tail 

Viking 3VH50/9CN5 Pierced Solder Tail 


8.13.2.5 1/0 Connectors 


The type of 1/0 connectors used will vary depending оп the specific 1/0 
function being performed. In order to minimize the proliferation of many 


different connector types in the system, it is recommended that the suggested 
I/O connector types be utilized where feasible. 


For data terminal 1/0 (RS232) the industry standard DB-25 type connectors ar 
recommended. The TM 990 product line cables are standardized so that th 
socket connector is normally mounted on the PC board and the pin connector 

used in the cable. Suitable board connector is AMP 206584-2 (or equivalent) 
Table 8-11 defines the pinouts which are compatible with the ТМ 990 product 


line cables. (Note that there are some deviations from standard 5523 
pinouts.) 


For parallel 1/0 а 40-pin 0.100 c-c PCB connector is recommended. Table 8- 
lists some compatible 40-pin connectors. Table 8-12 lists the standard pi 
used by the TM 990/100MA, TM 990/101MA, TM 990/ 180M and ТМ 990/310. 
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Other 1/0 connectors and or pinouts may be used where required for а specific 
application. 


The TM 990 standard connector pinouts for the system terminal interface and 
EIA RS-232-C interface are defined in Tables 8-13 and 8-14 respectively. 


In general, it is desirable to place І/0 connectors on the top edge connector 
so that they line up with existing members of the product family. 


Consideration must be given to clearance for connector mounting tabs and PCB 
ejectors in placing the connectors. 


TABLE 8-10. 10-РІМ PWB EDGE CONNECTOR 
Dimensions [Dimensions (In) 
Manufacturer Termination | oar | me | Notes 
Texas Instruments H421111-20 Wire Wrap 2.860 2.600 
Texas Instruments Н421121-20 Solder Wrap 2.860 2.600 
Viking 3VH20/ 1JN5 Pierced Tail 2.875 2.575 
Viking 3VH20/ 1JND5 Wire Wrap 2.835 2.575 


GTE Sylvania бАЛ-03-20-1А1-00 Wire Wrap 2.835 2.575 


T&B/Ansley 609-4015 Ribbon Cable 2.459 No Mtg Ears 


3M Scotchflex 3464-0001 Ribbon Cable 2.50 No Mtg Ears 


* Overall width 


** Center to center mounting hole spacing 
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TABLE 8-11. SERIAL I/O DB25P CONNECTOR PINOUTS 


Signal Input/Output Description 


FRAME GND Chassis Ground (Optional) 


1 


2 RCV DATA i Input Serial Data In 


3 XMT DATA Output Serial Data Out 


(Not Used) 


PULL UP Clear To Send (To Terminal) 
PULL UP Output Data Set Ready (To Terminal) 


7 EIA GND - Signal Ground 


8 DCD/RTS Output Data Carrier Detect To Terminal/ 
Request to send (to Modem) 

(Not Used) 

(Not Used) 

(Not Used) 


12 +12 VOLTS Output +12 Volts for Microterminal 


13 -12 VOLTS Out put -12 Volts for Microterminal 


+5 VOLTS 


Output +5 Volts for Microterminal 


15 XMT CLK Input Transmit Clock 


16 CTS/RESTART Input Clear To Send (From Modem)/ Load 
Interrupt From Microterminal 


17 RCV CLK Input Receive Clock 


18 TTY RCV/+/INPULL Input TTY Receive Loop/Multidrop Input Line 


19 DSR Input Data Set Ready (From Modem) 


20 DTR/DCD Input/Input Data Terminal Ready (From Terminal)/ 
Data Carrier Detect (From Modem) 


21 DIR Output Data Terminal Ready (To Modem) 


22 RNG Input ` Ring Indicator 


23 TTY RCV-/INPUSH Input TTY Receive Loop/Multidrop Input Line 


24 ТТУ XMT-/OUTPUSH Output TTY Transmit Loop/Multidrop Output Line 


TTY XMT+/OUTPULL Output TTY Transmit Loop/Multidrop Output Line 
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TABLE 8-12. PARALLEL I/O CONNECTOR (40-PIN) PINOUT 


ТМ 990 Standard Pinout | Alternate Pinout 


PO 


Р1 
P2 
P3 
РН 
P5 
P6 
PT 
P8 
P9 
P10 
P11 
P12 
P13 
P14 


P15 


Negative edge triggered input 


Positive edge triggered input 
+12V or Reserved 
-12V or Reserved 
+5V or Reserved 
RESERVED 
All others GROUND or RETURN 


NOTE: The alternate pinout is recommended only on modules using TMS 9901 as 
parallel 1/0 interface. 
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TABLE 8-13. STANDARD TERMINAL INTERFACE 


Rel Bit Rel Bit 
Address Output Address Output 


00 RBR 0 CRTL 0 17 XSRE Not Used 


TIMERR 


CRTL 1 


CRTL 2 TIMELP 


CRTL RTS 


3 


04 RBR 4 CRTL 4 1B DSR (Always=1) 


CRTL CTS 


DSCH 


CRTL 


CRTL FLAG Not Used 


INT RESET 


CRTL 


DTR RESERVED 


RCVERR CRTL 


RPER CRTL RESERVED 


ROVER LXDR 


RFER LRDR 


RFBD LDIR 


LDCTRL 


RSBD 


RIN TSTMD 


RTSON RESERVED RESERVED 


BRKON 


RIENB 


XBIENB 


TIMINT 


TIMENB 


DSCINT 


RBRL DSCENB 


Not Used 


XBRE 
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TABLE 8-14. EIA RS-232-C MODEM INTERFACE 


Rel Bit Rel Bit 
Address Output Address Output 


00 RBR 0 СЕТЬ 0 16 XBRE Not Used 


CRTL 


1 


СЕТЬ 2 


CRTL 3 
CRTL 
CRTL 
CRTL 
CRTL 


СЕТЬ 8 1E FLAG Not Used 


RCVERR CRTL 9 ЛЕ INT RESET 


OA RPER CRTL 10 20 DTR DTR 


OB ROVER LXDR 21 DSR SCT 

oc RFER LRDR 22 RI RESERVED 
OD RFBD LDIR 23 DSRS 

OE RSBD LDCTRL 24 RESERVED 

OF RIN TSTMD 

10 RBINT RTSON 

11 XBINT BRKON 

12 0 RIENB 2Е RESERVED TEA 
13 TIMINT XBIENB 

14 DSCINT TIMENB 


RBRL DSCENB 
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8.13.3 ТМ 990 Printed Wiring Board Design Considerations 


Except for allowable reductions, the minimum spacing between conductive 
features, including terminal areas, is 0.020 inch, and the conductor width 
should be maintained at 0.020. 


For high-density boards where signal lines are routed between terminal areas 
on 0.100-inch centers, the signal line can be reduced to 0.014 inch on the 
artwork and inspected to 0.008 inch minimum on the finished board. The length 
of such reduced lines should be no more than 0.250 inch. The resulting 
conductor spacing of 0.013 inch must be inspected to 0.0115 inch minimum on 
the artwork and 0.008 inch on the finished board. These reduced features must 
be limited to the component side of the board and should be increased as soon 
as the signal line clears the terminal area (Figure 8-27). 


Boards having high-volume production requirements require that optimization 
receive special emphasis. Special effort should be made to reduce or 
eliminate the need for reductions on the board. When reductions are required, 
an attempt should be made to limit reductions to the component side of the 
board. When a solder mask is not applicable, the conductor side clearance 
between conductive features should be maintained at 0.020 inch where possible 
to avoid bridging problems in flow solder. When a solder mask is applicable, 
0.020-inch conductor side clearance should be maintained between conductors 
and terminal areas. 


Where line widths or spacings greater than 0.010 inch are required for 
current-carrying or voltage requirements on the finished board, a minimum of 
0.005-inch processing allowance should be added to the artwork. 


Conductors (including planes) should be 0.100 inch from the board edge for 
ease in handling during fabrication, assembly, and testing. Where design 
requirements dictate, planes may extend to the board edge. Conductors may 
extend to within 0.030 inch. Terminal areas of plated-through board mounting 
holes shall clear the board edge by 0.025 inch. When boards are blanked, 
conductors (excluding planes) should clear the board edge by a minimum of one 
board thickness (not applicable to connector tabs). All neckdown should be on 
the component side of the board. Conductor runs should be parallel to the 
solder flow. 


The spacing between conductors and the edges of unsupported holes, cutouts, or 
the base of attached hardware should be 0.020 inch minimum on the artwork to 
obtain 0.010 inch on the finished board. For commercial applications, the 
spacing on the finished board between nonconductive features may be reduced 
below 0.010 inch. In preparation of the artwork, 0.010 inch should be added 
to the desired spacing to allow for fabrication tolerance. Keying slots in 
connector tab areas are centered between appropriate tabs and should not cut 
into any copper area. 


The clearance area in a component side conductive plane around a non-plated 
component lead hole is determined by adding a minimum of 0.040 inch (0.050 
inch perferred) to the nominal hole diameter or to the base of mounted 
hardware. In the case of board mounting holes, planes may extend to the edge 
of the hole where design requirements dictate. 


—= .013 (INSPECTION AT .0115) 
.01h 


SQUARE, CHAMFERED OR ROUNDED 


‚080 . 080 


-040 TO д | 
ТҮР. . 020 ез ra— 
TYP 
.100 


(Dimensions in inches) 


FIGURE 8-27.  ROUTING BETWEEN TERMINAL AREAS 


NOTE: Conductors will connect reduced terminal areas at the .060 inch end as 
shown. (The maximum nominal hole diameter in a reduced terminal area will be 
.039.) 


TABLE 8-15. CONDUCTOR SPACING FOR UNCOATED BOARDS 


Voltage Between Conductors DC Minimum End 
Or AC Peak (Volts) Product Spacing 


0-30 0.015 inch 
0-150 0.025 inch 
151-300 0.050 inch 
30 1-500 0.100 inch 


Greater than 500 0.0002 (inch/volt) 
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TABLE 8-16. CONDUCTOR AND SPACING OPTIMIZATION 
FOR SINGLE- & DOUBLE-SIDED BOARDS 


Reduced Lines and Spacing 


First Second Third Fourth 
Preferred Choice Choice Choice | Choice 


Line Width (inches) 0.020 to 0.030 0.020 0.017 0.017 0.015 
Spacing (inches) 0.020 0.017 0.016 0.015 0.015 


TABLE 8-17. SINGLE- AND DOUBLE-SIDED DESIGN PARAMETERS 


Design Parameters 


1. Conductor width 


Nominal(inches) Minimum (inched 


a. In open areas 0.020-0.030 0.015 
b. Between 0.060 pads on 0.014 0.014 
0.100 inch centers 


2. Spacing 


a. Between conductors 0.020 0.015 


b. In areas where lines are routed 0.013 0.0115 
between pads on 0.100 inch centers 

о. Conductor to routed board edges 0.100 One board 
(N/A to planes or plated mounting thickness 
hole pad) 

d. Conductor to blanked board edge 0.100 One board 
(N/A to planes or plated mounting thickness 
hole pad) 

e. Conductor to edge of non-plated- 0.025 0.020 
through hole 

f. Non-plated-through hole to board 0.050 or one 0.050 or one 
edge board board 

thickness thickness 


3. Plated-through terminal areas 


а. 0 to 0.040 diameter holes 0.080 D + 0.025 
b. Eyelets and standoffs (staked) 0.080 D + 0.025 
с. 0.047 or greater D + 0.034 D + 0.025 
d. Pads on 0.100 inch centers with 0.060Х0.080 0.060 DIA 
lines routed between them 
(0 to 0.039 diameter holes) 
e. Reduced terminal areas D + 0.025 D + 0.015 
f. Mounting or indexing holes -1 § “G=s=sess5 D + 0.020 
E. Feed-through (depending on hole 0.080 0.060 


size) 


4, Non-plated terminal areas 


a. Component-lead areas D + 0.040 D + 0.027 
b. Eyelets and standoffs (staked) D + 0.061 D + 0.061 
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Steps to determine printed wiring board (PWB) hole sizes are as follows: 


1. Identify which components in a board will be auto inserted. See 
Table 8-18. 


2. Identify the diameter (longest cross section diagonal) of the 
component leads for each device used. 


3. The engineer and designer should reduce the number of hole sizes to 
the minimum necessary by consolidating hole sizes. As an example, 
consolidate all 0.034 in. and 0.035 in. holes to 0.035 in. 


Ц. Table 8-18 identifies hole sizes for common devices utilized in the 
TM 990 product line. 
TABLE 8-18. AUTOMATIC INSERTION SPECIFICATIONS 
Lead Typical 
Component i Dia. Lead 


In.) | Spacing 


Feed-Thru -031/.025 a 


Diameter 
Tolerance 
Codes: 


XST, TO-18 .031 
XST, TO-5 .031 
XST, TO-116 Quad .039 
XST, TIP31B „046 
XST, ТО-3 .060 
XST, TO-220AB „046 
Staked Pins „03% 
#2 Hardware .116 
#4 Hardware . 140 
EIA Connector .046 
Int. Tooling Holes 094 
Ejectors, Roll Pin 094 
Dips over 40-pin „031 
Non-Insert. Diser .035 
Res. ін RCO7 .039 
Res. 1% MC55 .039 
Res. iw RC20 .046 
Diode, UNI-G .039 
Diode, 00-7 .046 
Zener, 00-7 .039 
ResPak, Т0-116 P.U. 039 
ResPak, TO-116 Ind. .039 
Dip Switch .039 
LED .039 
Cap, CK05, 6 .039 
Cap, DM10/15 .039 
Cap, Electro. A .039 
Cap, Electro. B .039 
Cap, Electro. С .039 
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SECTION 9 


QUALITY ASSURANCE AND RELIABILITY 


9.1 INTRODUCTION 


All TM 990 products are thoroughly tested and inspected using rigorous 
manufacturing and quality control standards. 


Quality Assurance participation throughout the product development along with 
manufacturing and product test planning phases ensures the establishment and 
implementation of exacting controls and standards. 


inspection and testing begins at the component level, with exhaustive testing 
at incoming inspection and continues through subassembly and final assembly 
levels, concluding with a comprehensive final system test and inspection. 
Figure 9-1 illustrates the test and inspection sequences. 


9.2 INCOMING INSPECTION AND TEST 


Table 9-1 shows the methods of incoming testing used by Quality Assurance, to 
insure that components used in TM 990 products meet TI's strict quality 
assurance criteria. 


9.3  SUBASSEMBLY TEST 


All subassembly modules (essentially finished product minus LSI MOS parts) are 
subjected to a pre-system test on the Spring Pin Integrated Test System 
(SPITS) which tests the modules for trace continuity, shorts, proper TTL 
logic response (static logic check), and missing or wrong parts. 


This computer controlled test station permits rapid fault isolation to a high 
degree of accuracy while providing a level of testing for certain classes of 
faults which do not always cause a failure indication during the more 
sophisticated system level tests. 


9.4 PRE BURN-IN SYSTEM TEST 


Upon completion of the "SPITS" testing, the subassembly is populated with the 
LSI MOS memory and microprocessor devices, yielding a fully configured 
"deliverable end item." This ensures that the product to be shipped enters 
the system test and burn-in cycle early enough so that the fully populated "as 
shipped" configuration passes through the entire, critical, system test and 
burn-in process. 


The pre burn-in system test is a functional test of the TM 990 board assembly 
at 25 degrees Celsius (the same thorough system test used at the final test 
state) and is executed primarily to avoid loading burn-in with room 
temperature functional failures. 


9.5 BURN-IN TESTING 
А11 TM 990 board modules are dynamically exercised in burn-in chambers across 
a temperature range of 25 degrees Celsius to 70 degrees Celsius with a cycle 


time of one hour; total burn-in time varies from 8 hours minimum to 4 days. 
Automatic error monitoring, employing special burn-in test software, 15 
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Incoming QA and Test of Components 


Subassembly Build Up 


Subassembly QA 


Run Subassembly without MOS Parts on 


Spring Pin Integrated Test System 


Pass SPITS? 


Populate Subassembly With MOS Parts. 


Run System Test 


Pass System Test? 


Burn-In For Specified Interval 


Pass Burn-In? 


Run System Test 


Pass System Test? 


QA, Pack, Ship 


FIGURE 9-1. TEST AND INSPECTION SEQUENCE 
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exercised throughout the burn-in testing cycle, detecting failures as soon as 
they occur. Repaired modules are re-started at time zero, thus ensuring that 
modules complete the full burn-in cycle, error free. 


9.6 FINAL SYSTEM TESTING 


Upon completion of specified burn-in testing, the TM 990 board modules receive 
a comprehensive functional test at 25 degrees Celsius. Failures occurring at 
this "final system test" resulting in a part replacement cause the module to 
be rerouted through burn-in. In addition to system testing for strict 
compliance to system specifications, all IM 990 outgoing products receive a 
final quality control inspection to ensure total compliance to rigorous 
workmanship standards and other applicable quality assurance criteria, prior 
to shipping. 


9.7 TM 990 MODULE RELIABILITY 


On-going reliability testing of major board modules, providing early 
identification and resolution of time related failures, ensures the TM 990 
user/customer of lengthy, error free operation in a commercial grade 
environment. 


While exact field operating conditions can never be fully duplicated, the 
large samples of product subjected to the 70 degrees Celsius, 1000 hour 
minimum, continuously monitored, dynamically exercised testing routines 
(identical to production burn-in test) provide a very good approximation to a 
nominal commercial environment, and generate statistically accurate 
performance/test data for long term operation. 


Periodic room temperature testing (the same comprehensive testing done in 
production system test) maintains direct correlation with production test and 
provides a means of detecting parameter shifts due to time and temperature. 


Major module functions exercised during long term reliability testing include: 
RAM pattern testing; TMS 9901 1/0 line exercise/register compare using various 
data patterns, rigorous timer tolerance testing of interrupt count in timing 
loop; TMS 9902 I/O testing at 110, 600, 1200, and 19,200 baud and timer test; 
and CPU arithmetic function and shift instructions testing. 


9.8 FACTORY REPAIR AND EXCHANGE POLICY 


The following paragraphs are a summary of TI's policy and conditions for 
repair. The specific details are in form number 1602102-9701. 


TI will repair or exchange a product free of charge if 1.) The failure 
occurrs within 90 days of purchase, and 2.) the failure is not a result of 
accident, misuse, neglect, alteration, improper installation, improper 
testing, or unauthorized repair. 


Non-warranty exchanges or repairs will be made for a charge provided the 
product is "repairable." If a customer has made modifications to the product, 
it is considered to be non-warranty. TI will attempt repair of such a product 
provided the customer has restored the product to its standard configuration. 
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SECTION 10 
CUSTOMER SERVICE AND SUPPORT 


10.1 INTRODUCTION 


Texas Instruments provides customer support for the ТМ 990 series of modules 
in the form of a customer support line, field specialists, field system 
centers, module repair, and publications. This support can be quite helpful 
in the planning and developmental stages of a project in addition to providing 
service support should the need arise. 


10.2 CUSTOMER SERVICE 
10.2.1 Customer Support Line 


Texas Instruments provides customer support lines that are manned by 
experienced engineers who supply answers to technical questions from the 
field. These engineers can be consulted regarding maintenance ог applications 
problems that may occur. The customer support lines are manned during normal 
working hours, five days a week. 


Three support lines are available: 


Boston (617) 890-4271 
Chicago (312) 228-6008 
Los Angeles (714) 641-2064 


10.2.2 Texas Instruments Technology Centers 


The Texas Instruments Technology Centers complement and extend the standard 
range of services available to our customers. Product information, demon- 
strations, and after-sale support are provided by TI's direct sales force plus 
its network of authorized distributors and TI system centers. The Technology 
Centers provide the in-depth training needed to fully utilize the industry's 
most advanced component and system products. In addition, the Technology 
Centers make important contributions to the professional and scientific 
community with their Design Service and Technical Information Program. 


TRAINING: The Technology Centers' training capability is carefully designed 
to meet the needs of product and equipment designers, as opposed to data 
processing professionals. This distinction pervades our courses and is 
apparent in our integration of hardware and software design techniques. In 
emphasizing the design of systems, serious attention is given to the problems 
of verification, test, and production. This approach rapidly builds 
competence and confidence in the use of new techniques and devices to solve 
design problems -- faster than trial and error or ad hoc approaches usually 
permit. Whether introductory exposure, product evaluation, or detailed design 
best describes your need, the Technology Centers provide a wide range of 
courses that will quickly give you the knowledge which can help you to make 
informed decisions and to develop efficient solutions. 


Many of the courses can be presented at your site, making the training effort 
more cost-effective for your organization. Courses can be licensed for one- 
time use or for continued use within your company. For professionals who 
desire to study any particular course at their own pace, 4 student guide may 
be purchased upon request. Special training arrangements can be made by 
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contacting your nearest Technology Center. 


DESIGN SERVICE: Texas Instruments has the capability to design, as well as to 
produce, electronic modules to customer specifications and requirements. In 
addition to courses to assist customers in their evaluation of product ideas, 
the Texas Instruments Technology Centers provide design services to prepare 
proposals, designs, and prototypes as well as to produce production quantities 
аз a contract service. This Design Service is one of the fastest means to 
prove new ideas and to get them to market -- especially for the company with 
limited electronics capability. And, even for the company with electronics 
experience, the services we offer can help ensure success in advanced 
technology programs such as bubble memories and microcomputers. 


SOLID STATE SPEECH" SUPPORT: The Technology Centers provide customers with 
aecess to TI's Solid-State Speech™ vocabulary development capabilities. Quick 
turn-around prototyping, high quality production voice analysis, and 
vocabulary development services are now available. Applications based on TI's 
voice synthesis integrated circuits and modules can now be developed quickly 
at low cost. In addition, design assistance is available for lexical 
definition, homophone anaylsis, and target system acoustics. An Advanced 
Technology Seminar discusses these and other aspects of Solid State Speech ^ 
technology. 


TECHNOLOGY CENTER LOCATIONS 


Chicago: Site #01 

515 W. Algonquin Road 
Arlington Heights, IL 60005 
(312) 640-2909 


Southern California: Site #02 
17620 Fitch Avenue 

Irvine, CA 92714 

(714) 540-7311 


Boston: Site #03 
400-2 Totten Pond Road 
Waltham, MA 02154 
(617) 890-6671 


10.2.3 Systems Engineers 


The systems engineers work with customers to configure systems to meet 
customer cost performance requirements. They provide applications assistance 
on TI products. This assures that state of the art semiconductor products are 
properly supported through the use of the engineer's skills in system design, 
circuit design and use of TI resources such as microprocessor development 
systems. They work with sales engineers to provide customer insight into TI 


product plans and to assure that TI product plans properly address needs of 
the market. 


10.2.4 Field System Centers 
There are approximately fifty field systems centers where the TM 990 Series 
Microcomputer Family can be found on display. These centers have a factory 


trained field application engineer to assist in system development and provide 
training on the use of the TM 990 Series Microcomputer Modules product line. 
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The AMPL Microprocessor Prototyping Lab is also on display. The AMPL lab 
provides in-circuit emulation support, logic-state trace and analysis, 
read-only memory implementation aids, and TMS 9900 software development 
support. This lab provides the user with a dedicated design center where 
9900-based systems can be developed in an integrated software-hardware design 
and debug sequence. 


10.2.5 Module Repair 


All TM 990 hardware modules are warranted for 90 days. If during this period 
(or at a later time) service is necessary it can be provided promptly by the 
TI factory repair center. 


Please make sure that you fill in the warranty card as soon as you receive the 
the product so that we may give you proper credit at the time of your module 
repair. A copy of the factory repair policy is shipped with each product. 


10.2.6 Publications 


Each TM 990 Series Microcomputer Module is supplied with the appropriate 
documentation. User's manuals cover specifications, operation, theory of 
operation, schematics and other pertinent data. These manuals provide 
complete and verified information in a concise format that guides the reader 
in the use and maintenance of his equipment. Table 10-1 provides a listing of 
the TM 990 Series Microcomputer Module User's Guides that are available. 


TABLE 10-1. ТМ 990 SERIES MICROCOMPUTER MODULE MANUALS 


MANUAL TITLE MANUAL NUMBER 


CPU MODULES (100 Series) 


TM 990/100MA Microcomputer User's Guide 


ТМ 990/101MA Microcomputer User's Guide MP337 
ТМ 990/180M Microcomputer User's Guide MP322 
TM 990/U89 Microcomputer User's Guide МРВ06 
ТМ 990/1481 High Performance CPU Modules MP364 


Introduction to Microprocessors (TM 990/189 tutorial) MPB30 


MEMORY EXPANSION (200 Series) 
TM 990/201 and TM 990/206 Memory Expansion Boards 
TM 990/203 Dynamic Expansion Memory Board 

TM 990/204 Memory Module with Battery Backup MP391 


PERIPHERALS AND I/O INTERFACES (300 Series) 


TM 990/301 Microterminal MP323 
IM 990/303A Floppy Disc Controller MP360 
ТМ 990/305 Combination Memory and 1/0 Expansion Module MPB28 
TM 990/306 Speech Module MP363 
TM 990/307 Communication Expander MP361 
ТМ 990/308 Industrial Communication Module MP362 
TM 990/310 48 Bit 1/0 Module User's Guide MP336 
ТМ 990/311 Buffered I/0 Module МРВЗ1 
ТМ 990/314 GPIB Module MP389 
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TABLE 10-1. MANUALS (cont.) 


MANUAL TITLE MANUAL NUMBER 


SOFTWARE DEVELOPMENT (300 Series) 


TM 990/302 Software Development Board User's Guide 
TM 990/302 Hardware User's Guide 


SOFTWARE (400 Series) 


TM 990/401-3 TIBUG Monitor MPBO1 
ТМ 990/402 Line-By-Line Assembler User's Guide and Listing MPBO7 
TM 990/403 TIBUG (1481) Monitor Listing MP379 
ТМ 990/452A Development BASIC Enhancement Software Installation MP346 
TM 990/430 TI Modular-Based Executive in ROM (TIMBER) MPB23 
ТМ 990/469 University BASIC User's Guide MP393 
TM 990 POWER BASIC Reference Manual MP308 


PROGRAMMING 
Model 990 Computer Assembly Language Programmer's Guide (DSG) 93441-9701 
ACCESSORIES AND CARD CAGES (500 Series) 


990/510, 520, and 530 Card Cages MP341 
990/511 Extender Board MP333 
990/512 and TM 990/513 Universal Prototyping Boards MP335 
990/522 4-Slot Enclosure MP390 
990/502 Cable Assembly (RS-232-C terminal) MP328 
990/503А Cable Assembly (TI 743 or 745 terminal) MP365 
990/504A Cable Assembly (Model 33A ASR TTY) MP366 
990/505 Cable Assembly (TI 733 ASR terminal) MP338 
990/506 Cable Assembly (RS-232-C Modem to РЗ of ТМ 990/ 101M) MP342 
990/507 Cable Assembly (CPU to TM 990/5MT system) MPB24 
990/5МТ Series І/0 Module User's Guide MPB15 
990/508 Cable Assembly (TM 990/302 to Audio Cassette) MPB17 
990/509 Cable Assembly (ТМ 990/305 to TM 990/5MT system) MP348 
990/514 and TM 990/515 EPROM Personality Cards МРВ12 
990/518A DC Power Supply MP350 
990/519 DC Power Supply MPB10 
990/527 Cable (TM 990/303 Standard Disk) MP367 
990/535 Cable (TM 990/303 Mini Disk) MP368 
990/536 Cable (TM 990/314 GPIB Module) MP394 
990/538 Cable (TM 990/522 4-Slot Enclosure) MP395 
990 System Specification MPA30 . 


To obtain copies of the manuals in Table 10-1, mail your request to: 


Literature Coordinator 

ТМ 990 Microcomputer Modules 
Р. 0. Box 1443, MS 6404 
Houston, Texas 77001 
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SECTION 11 


ORDERING INFORMATION 


11.1 GENERAL 


This section presents a system configuration worksheet that will provide 
assistance in the planning of a system using TM 990 Modules. 


11.2 SYSTEM CONFIGURATION 


A system configuration worksheet is given in Table 11-1. The worksheet can be 
used for system development and cost projection. To use the system 
configuration worksheet: 


A. 


Cut out both pages of Table 11-1 and place the pages so that the line 
numbers are aligned. 


Determine system requirements and enter specifications on line 1. 
Enter features of совет board to be used on line 2. 

Enter features of all expansion boards to be used on lines 3-10. 
Combine the features on lines 2-10 and enter on line 11. 

Compare line 11 to system requirements on line 1. 

Select power supply to meet system requirements and enter on line 12. 


Enter cost of any additional hardware (prototyping boards, cables, 


_microterminal, etc.) on lines 13 and 14. 


Enter total system cost on line 15. 


Should there be any questions regarding the TM 990 Modules that cannot be 
answered in the field, direct your communication to: 


Texas Instruments Incorporated 
Р. 0. Box 1443 

M/S 6404 

Houston, Texas 77001 


TABLE 11-1. SYSTEM CONFIGURATION WORKSHEET 


Instructions: 


wv 


a) Determine system requirements and enter 
specifications on line l. 

b) Enter features of TI microcomputer board 
to be used on line 2. 

Enter features of all expansion boards 
to be used on lines 3-15. 

Combine the features on lines 2-15 and 
enter on line 16. 
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TABLE 11-1. SYSTEM CONFIGURATION WORKSHEET (cont.) 


e) Compare line 16 to system requirements 
on line 1. 

Е) Select power supply to meet system re- 
quirements and enter on line 17. 

g) Enter cost of any additional hardware 
(prototyping boards, cables, micro-ter- 
minal, etc.) on lines 18 and 19. 

h) Enter total system cost on line 20. 


Refer to Table 2-14 (CPU Compatibility). 
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APPENDIX A 


COMMUNICATIONS 


A.1 TMS 9901 PROGRAMMABLE SYSTEMS INTERFACE (PSI) 


The TMS 9901 Programmable Systems Interface is a multifunctional component 
designed to provide low cost interrupt and І/0 ports and an interval timer for 
TMS 9900-family microprocessor systems. The TMS 9901 is fabricated using 
N-channel silicon-gate MOS technology and is TTL-compatible on all inputs and 
outputs, including the power supply (45 V) and single-phase clock. 


The architecture of the TMS 9901 PSI is designed to provide the user maximum 
flexibility when designating system I/0 ports and interrupts. The TMS 9901 
can be divided into four subsystems: CRU interface, interrupt interface, 
input/output interface, and interval timer. The CRU is addressed on a 
single-bit or 16-bit basis and can be thought of as occupying the first 4096 
bits (in a 9900-based system) in an auxilliary memory space. RAM and EPROM 
memory is totally independent of the CRU. А very efficient method of 
addressing bits in ап 1/0 port, for example, is provided by the CRU. This 
architecture can best be appreciated by considering a typical application. 


Figure A-1 illustrates the use of a TMS 9901 PSI in a TMS 9900 system. The 
CPU communicates with the TMS 9901 via the CRU. The CRU interface consists 
of five address select lines (50-51), chip enable (CE-), and the three CRU 
lines (CRUIN, CRUOUT,CRUCLK). The select lines (50-51) are connected to the 
five least significant bits of the address bus; for a TMS 9900 system 50-51 
are connected to A10-A14, respectively. Chip enable (CE-) is generated by 
decoding the most significant bits of the address bus on CPU cycles; for а 
9900 based system address bits 0-9 would be decoded. Іп the case of a write 
operation, the TMS 9901 strobes data off the CRUOUT line with CRUCLK. For a 
read operation, the data is sent to the CPU on the CRUIN line. 


A total of nine pins (ІМТТ-/Р15 to INT15-/P7) оп the TMS 9901 are user 
programmable as either 1/0 ports or interrupts. Any pin which is not being 
used as an interrupt should have the appropriate interrupt mask disabled 
(mask = 0) to avoid erroneous interrupts to the CPU. To program one of the 
pins as an interrupt, its interrupt mask is enabled and the line may be used 
as if it were one of the dedicated interrupt lines. To program a pin as an 
1/0 port, disable the interrupt mask and use that ріп as if it were one of the 
dedicated I/0 ports. 
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FIGURE A-1. TYPICAL TMS 9901 APPLICATION 


Figure A-2 is a block diagram of the TMS 9901 interval timer section. The 
clock consists of а 14-bit counter that decrements at a rate of f(9)/6l (at 3 
MHz this results in a maximum interval of 349 milliseconds with a resolution 
of 21.3 microseconds). The clock can be used as either an interval timer or 
an event timer. To access the clock, bit zero (control bit) must be set to a 
one. The clock is enabled to cause interrupts by writing a nonzero value to 
it and is then disabled from interrupting by writing zero to it or by a RST1-. 
The clock starts operating at no more than two ø times after it is loaded. 
When the clock deerementer is running, it will decrement down to zero and 
issue a level-3 interrupt. The decrementer, when it becomes zero, will also 
be reloaded from the clock register and decrementing will start again. (The 
zero state is counted as any other decrementer state.) The decrementer always 
runs, but it will not issue interrupts unless enabled; of course, the contents 
of the unenabled clock read register are meaningless. 


The clock is accessed by writing a one into the control bit (TMS 9901 CRU bit 
zero) to force CRU bits 1-15 to clock mode. Writing a nonzero value into the 
clock register then enables the clock and sets its time period. When the 
clock is enabled, it interrupts on level 3 and external level-3 interrupts are 
disabled. The mask for level 3 in the PSI must be set to a one so that the 
processor will see the clock interrupt. When the clock interrupt is active, 
the clock mask (mask bit 3) must be written into with either a one or zero to 
clear the interrupt; writing a zero also disables further interrupts. 

If a new clock value is required, a new 14-bit clock start value can be 
programmed by executing a CRU write operation to the clock register. During 
programming, the decrementer is restarted with the current start value after 
each start value bit is written. A timer restart is easily implemented by 
writing a single bit to any of the clock bits. The clock is disabled by RST1- 


(power up reset) or by writing a zero value into the clock register; RST2- 
does not affect the clock. 


The clock read register is updated every time the decrementer decrements when 
the TMS 9901 is not in clock mode. There are two methods to leave the clock 
mode: first, a zero is written to the control bit; or second, a TMS 9901 
select bit greater than 15 is accessed. Note that when CE- is inactive 
(high), the PSI is not disabled from seeing the select lines. As the CPU is 
addressing memory, A10-A1! could very easily have a value of 15 or 
greater--A10-A14 are connected to the select lines; therefore, the TMS 9901 
interval timer section can "think" it is out of clock mode and update the 
clock read register. Very simply, this means that a value cannot be locked 
into the clock read register by writing a one to CRU select bit zero (the 
control bit). The 9901 must be out of clock mode for at least one timer 
period to ensure that the contents of the clock read register have been 
updated. This means that to read the most recent contents of the decrementer, 
just before reading, the TMS 9901 must not be in the clock mode. The only 
sure way to manipulate clock mode is to use the control bit (select bit zero). 
When clock mode is reentered to access the clock read register, updating of 
the read register will cease. This is done so that the contents of the clock 
read register will not change while it is being accessed. 


CLOCK REGISTER 
CLOCK DECREMENTER $ 


CLOCK 
INTERRUPT 


FIGURE A-2. TMS 9901 INTERVAL TIMER SECTION 
A.2 TMS 9902 ASYNCHRONOUS COMMUNICATIONS CONTROLLER (ACC) 


The TMS 9902 Asynchronous Communications Controller (ACC) is a peripheral 
device Een for use with the Texas Instruments 9900 fanily of 
microprocessors. The TMS 9902 is fabricated using N-channel, silicon gate, 
MOS technology. The TMS 9902 is TTL-compatible on all inputs and outputs, 
including the power supply (+5V) and single-phase clock. The TMS 9902 ACC 
provides an interface between a microprocessor and a serial, asynchronous 
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communications channel. The ACC performs the timing and data serialization 
and deserialization functions, facilitating microprocessor control of the 
asynchronous channel. The TMS 9902 ACC accepts EIA Standard RS-232-C 
protocol. 


The TMS 9902 is designed to provide a low cost, serial, asnychronous interface 
to the 9900 family of microprocessors. The ACC has five main subsections: 
CRU interface, transmitter section, receiver section, interval timer, and 
interrupt section. 


Figure A-3 illustrates the use of a TMS 9902 ACC in a TMS 9900 system. The 
CPU communicates with the TMS 9902 via the CRU. The least significant bits of 
the address bus are connected to the select lines. In a TMS 9900 system, the 
five least significant bits (A10-A14) are connected to the select lines 
(50-54) respectively. CRU instructions can be used to set: 


ө Control criteria such as parity and character length 
ө Interval timer rate 
e Receive data rate 


e Transmit data rate. 


Data is transmitted and received through the CRUOUT and CRUIN lines. The TMS 
9902 can be used with an EIA or TTY terminal. 
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FIGURE A-3. TYPICAL TMS 9902 APPLICATION 
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It is our desire to provide you with the best documentation possible. After 
using this catalog, please complete this sheet and mail it postpaid to us. 
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directed to your TI distributor. 
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BUSINESS REPLY MAIL 


PERMIT NO. 6189 
POSTAGE WILL BE PAID BY ADDRESSEE 


HOUSTON, TX 
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